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CHAPTER I. 

DEPAETXJHE FROM 8T0EN0WAY. — THE FAROE ISLANDS. — SUSPIBIA DE PEO- 
FTJNDIS.— BASALTIC DBIFT.— EFFECTS OF DEEP-SEATED CURRENTS.— VOLCANIC 
DETRITUS ALONG SEA-BED. — DEEP ARCTIC CURRENT. — THE WESTMANN 
ISLANDS.— ASPECT OF SOUTHERN ICELAND.— CHABAOrER OF THE SEA-BED 
ALONG ITS SHORE.— ARRIYAL AT REKIAVIK.— ICELANDIC SCENERY.— GREAT 
LAVA-STREAMS.— ABRASIVE NATURE OF THE SCORIACEOUS ROCK.— OBSIDIAN 
DUST.— MODIFICATION OF SIR JOHN ROSS'S SOUNDING " CLAMS."- EFFECTS 
OF RECENT ERUPTION OF KOTLA.— EJECTION OF ICE FROM CRATER.— EXPLA- 
NATION OF THIS PHENOMENON.— PREVALENCE OF SICKNESS DURING VOL- 
CANIC ERUPTIONS. 

UN the 2nd of July, 1860, H.M.S. Bulldog steamed out of the little harbour 
of Stomoway, and our North-Atlantic cruise fairly commenced. 

July 4. — ^For the first time since leaving Spithead, now eleven days ago, the 
sun has shone out brightly, and we are revelling in a glorious summer morning. 
About an hour after midnight the "Dimon Rocks" were sighted, although 
distant between thirty and thirty-five miles ; so that we are already in the region 
of no night. 

Nothing could exceed the beauty of the panorama presented to our view, 
as, one after another, the bold headlands of the Faroe Islands burst upon us. 
Although no vestige of tree or shrub clothes the declivities, and the sombre tints 
of the trap rock are relieved only here and there by brilliant patches of green- 
sward, or orange-tinted lichens, so varied is the outline, and intersected with 
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2 THE FAROE ISLANDS. 

chajsms and sparkling water-courses, that all idea of monotony is lost in the 
general grandeur of the scenery. 

Suddenly the magnificent fiord which separates Stromoe and Naalsae, the two 
principal islands of the group, from each other, opened out upon us. Sweeping 
round a bold headland into this, we at once found ourselves surrounded by lofty 
hills, whose bases, broken up into every variety of cliflf and cavern, formed the 
water-line, whilst their summits might be seen, far in the background, stretching 
beyond an alternating series of ridges and chasms, until they attained the height 
of from 1500 to 2000 feet. 

In some of the more elevated hollows large drifts of dazzling snow still lin- 
gered, and gave token of a late and boisterous winter. Strange to say, these 
drifts were principally observable on the southern slopes. 

But the most charming feature was the constant succession of torrents and 
cascades which dashed impetuously downwards to the fiords, and looked in the 
distance like so many living streams of alabaster ; whilst around the summits of 
the ranges whence they sprung the layers of grey mist hung for a moment or 
two, as if clasping them in a parting embrace, and then glided away, or became 
dissipated in the atmosphere around. 

Continuing our course along the fiords, which were rarely less than from 
one to two miles across, we speedily reached Thorshaven, the chief town of the 
Faroe Islands, took on board a pilot, and finally came to anchor, about noon, at 
the entrance to the little land-locked bay of Westmannshaven. 

Having hired a boat, and satisfied my curiosity by a ramble ashore, I devoted 
the remainder of the afternoon to dredging. 

July 6. — ^Too foggy yesterday to leave the anchorage and get to sea again. 
Towards evening the rain, which came down in torrents during the afternoon, 
cleared off. I sat up till midnight, and at that hour took a sketch of the village 
and harbour. The pink tints left by the setting sun were still visible on some 
clouds that floated away behind the western range of hills, and it seemed almost 
impossible to believe that night was so far advanced. 

Up anchor and away at 7 a.m. The morning gave promise of fine weather ; 
but it soon became foggy again, and we were accordingly doomed to lose all 
save a partial glimpse of the famed promontory of " Miihlen Head." But even 
this glimpse afforded an idea of its grandeur ; for, steering along almost within 
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stone's-throw of the shore, we could discern its perpendicular character, and the 
mighty blocks of detached cliff standing out from the main mass like outworks to 
some Titanic fortress. In ten minutes after catching our parting view of this 
towering headland, we were running along merrily with a clear blue sky over- 
head and sunshine; so that the demon of the Faroese mist only remained 
faithful to his own traditions. 

Several soundings have been taken today ; but these are of no interest, being 
from shoal water. Although it is blovdng fresh from N.W. almost directly 
in our teeth, the last cast was " up and down " — shovring how admirably a fixed 
position may be maintained under steam, even in bad weather. Another 
sounding is going on whilst I write. It is midnight, and yet the light streiams 
down through my cabin windows. 

July 9. — ^The weather, which has been bad enough for the past two da]^, 
threatens to become still worse. This is provoking ; for under more favourable 
circumstances we should, ere this time, have sighted the coast of Iceland, some- 
where in the vicinity of Ingolfshofde, and been near enough to the land to. see 
Hecla and the new volccmo which burst into activity in May last. As it is, the 
ship has been kept well clear of the land, and we shall, in aU probability, lose a 
very grand spectacle. 

From five to six soundings have been taken daily, the intervals varying from 
a few miles, in the neighbourhood of the coast*lines, to a degree, or thereabouts, 
at mid-distance between them. In the examination of the material brought up, 
my time has been so fully occupied, that an3rthing like a few hours' continuous 
rest is out of the question. 

Already my views, regarding the extension of animal life to much greater 
depths than is usually allowed, have received a certain degree of confirmation. 
In a sounding (No. 15) taken yesterday, at a point about two-thirds of the 
distance between the Faroes and Iceland, the Conical Cup * brought up, from a 
depth of 682 fathoms, a piece of quartz-rock about an inch square, several frag- 
ments of basalt, an old and much-worn fragmentary valve of Pollicipes, a 
minute pellet of mud about the size of a pea, a calcareous Serpula^tahe — ^about 

* For a descriptioii of this and other forms of Sounding apparatus alluded to in the Diary, the reader 
is referred to the Chapter on Sounding and Sounding Apparatus. The organisms referred to mQ be 
found described in the Chapters deyoted to Natural History. 

b2 



4 BASALTIC DBIFT. 

half an inch in length, and evidently jnst broken off from the stone to which it 
must have been attached, inasmuch as the fleshy matter was perfectly fresh at 
the point of fracture — and lastly, a minute Spirorbis and two shells of Tnmcatij^ 

* 

Una lobata still adherent to small stones and apparently alive. Leaving the 
discussion of the conditions essential to the maintenance of animal life at great 
depths to be set forth in another chapter, two very remarkable facts remain to 
be noticed in connexion with this sounding. The first of these is the almost 
entire absence of any soft deposit at a spot which, according to the evidence 
afforded by the progressive depths noted on either side, would appear to be the 
deepest portion of the sea between the Faroe Islands and the south-west part of 
Iceland. The second is the rolled condition of the basaltic gravel. 

Now, although it is quite dear that the small trace of mud brought up in this 
sounding is, of itself, no proof that soft deposit does not occur in considerable 
quantity, the absence of such deposit is rendered probable by the presence of 
permanently sessile Annelids and Foraminifera ; inasmuch as these creatures 
could not exist at all, save at the immediate surface of the sea-bed, or in water 
free from currents of sufficient velocity to dislodge or remove them. 

On the other hand, the rounded basaltic gravel would, at first sight, appear to 
countenance the existence of a rolling action such as a current would produce. 
And doubtless these pieces of gravel have, at one time or other, been reduced to 
their present form by such a force. But certain appearances on their surface 
would indicate their long-continued retention at the point from which they were 
brought up. Thus, although for a depth of about -^th of an inch the basalt 
is of the most compact kind, the stone has completely changed colour from its 
normal glistening black to an ochreous yellow, owing to long immersion. This 
ochreous layer is in other respects identical with the mass within, and cannot 
possibly be mistaken for an incrustation formed from without In a sounding 
obtained early this morning, rounded masses of basalt were again met with, but 
the depth in this case was only 64 fiithoms. If the former were dropped fr*om 
drifting icebergs, in their rolled condition, it must have been under a widely 
different order of things from that in operation now ; for no iceberg has ever 
been known to traverse this region. It is probable, therefore, that the bed of 
the ocean has subsided, and that these rolled masses have rested in their present 
position from a period when currents or tides of sufficient power to produce their 
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rounded shape swept across it. But although no current now Exists in this 
locality capable of producing such an effect, or of transporting masses of mineral 
matter even as small as those under notice, there appears to me to be strong 
evidence in favour of an of&hoot of the Arctic current slowly moving downwards 
between the Faroe Islands and Iceland. 

It has been calculated that an ordinary stream, running at the rate of no more 
than 300 yards an hour, is capable of disintegrating and carrying away fine clay ; 
that a rate of 800 yards (or somewhat less than half a mile) an hour, will suffice 
to transport oo.«e Ld- whilrt . carr«.t rmming . mJ ^ . hdi will roU 
along rounded pebbles as large as a hen's egg, — the inertia of stones of ordinary 
specific gravity (that is, from 2*5 to 2*8) being reduced by more than a third on 
their immersion in water. At extreme depths, and in water surcharged under 
an enormous pressure with saline matter, the inertia of masses of stone would be 
still further reduced ; and although a diminution of friction between them would 
accompany this reduction, the general result would be materially influenced, 
inasmuch as masses which could not otherwise have been dislodged would now 
cooperate in the rolling action. This is a very material point, and one which I 
cannot help thinking has been lost sight of, in a great measure, by those who 
argue that, however strong a current may be, the lower stratum of water is so 
retarded by friction against the bottom as almost entirely to lose its initial 
velocity. 

Supposing the bed of the sea to be perfectly level, the retardation would no 
doubt take place. But where very slight inclinations of the surface occur, so as 
to allow fresh portions of the water to impinge on the sand or gravel, it will at 
once be apparent that the primary force would at all events retain the greater 
portion of its influence. 

In the case of plateaus of moderate area, the surfaces of which happen to be 
raised above the general level of the sea-bed, and more especially if they have a 
fall tending in the same direction as a deep-seated current, the entire force of the 
latter would take effect in rolling and transporting stones, bs well as in wearing 
down the sur£Bu;e. 

I have stated that the sounding (No. 15 in the list) gives the greatest depth, 
in the line from the Faroes to Iceland, about two-thirds of the way across, or, in 
round numbers, about ninety miles to the eastward of IngoLGshofde. It is a very 
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remarkable &ct that, throughout the entire distance, nearly 200 miles, between 
the point at which this sounding was taken and the Faroes, not the slightest 
trace of volcanic detritus appears in the material brought up from the bottom. 
Between long. 7° 65' and 13° 45' inclusive, eleven casts were made, and bottom 
brought up five times ; so that, had volcanic particles been present, some trace of 
them must at all events have been observable. This becomes the more remark- 
able when it is borne in mind that, during eruptions of Hecla and Skaptar 
Jokul, the volcanic particles have been borne across the whole breadth of the 
North Sea, to the coast of Norway, in nearly the same parallel of latitude as 
the Faroes. It is (Ufficult, therefore, to conceive that this large area of sea^bed, 
or at any rate that portion of it constituting the middle third of the distance 
alluded to, should not have received a share of the deposit, under favourable 
conditions as to atmospheric currents. 

On the other hand, from the 682-&thom locality to our present position, 
which I should say is not more than forty miles from the southern shore of 
Iceland, out of eight casts, seven on being brought up have each presented volcanic 
detritus. 

Combining all these facts together, I am clearly of opinion that a deep-seated 
drift, bringing the colder waters from Spitzbergen and the western side of Nova 
Zembla, sets along this middle tract and bears away with it the volcanic debris. 
We know that the Arctic drift splits up into two branches, as it were, on coming 
across the northern shores of Spitzbergen: one branch, passing down to the 
south-westward and carrying along with it the mass of ice which hugs the eastern 
coast of Greenland, doubles Cape Farewell, and then streams up along the 
western shores of Greenland, — the other branch being traceable for several degrees 
to the southward and eastward of Spitzbergen, and then gradually lost in the 
fork of the Gulf Stream, the western arm of which ascends in a due northerly 
direction, so as to impinge against the southern portion of Spitzbergen, whilst 
the other arm, turning aside at nearly a right angle, assumes an easterly course. 
That branch of the descending or Arctic drift which is traceable into the biftir- 
cation of the ascending or Gulf Stream must find its way somehow to the Equator ; 
and, as a natural consequence, it follows the recognized practice of aU cold 
currents when brought into contact with warmer ones, and thus travels below it 
to its destination. Continued in its original course, this current would traverse 
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the middle space between the Faroes and Iceland ; and, as has been shown, if 
moving at no greater velocity than 600 yards (that is, about one-third of a mile) 
per hour, or half the speed at which we know the western superficial branch 
moves round Cape Farewell, it would be quite powerful enough, independently 
of the decrease in the specific gravity of particles of mineral matter owing to the 
conditions already discussed, to bear along those particles and thus to remove all 
trace of debris other than that reproduced by its own action. By means of this 
current, the volcanic particles which, according to Captain Maury, strew the bed 
of the Mid- Atlantic, between the parallels of 47"" and 52^ along no less than 
twenty-five degrees of longitude, are borne down from the Icelandic coasts. In 
the " Notes "* published by me immediately after my return from the cruise, I 
adverted to this as being the true source of the volcanic matters present in the 
latitudes referred to, and thus corroborated the shrewd suggestion of the late 
Professor Bailey. 

I think we are therefore warranted in assuming that a current having a 
moderate velocity, such as that referred to as being sufiKcient to account for the 
phenomena in question, does exist, and that it flows away in a south-westerly 
course, under the warmer waters of the ascending Gulf Stream, and gradually 
mingles with the general gathering of the polar waters around the Equator, — an 
additional proof of the correctness of this view being derived from the fact, fully 
borne out by various navigators, that about the 63rd parallel of latitude the tem- 
peratures of the surface-water and that at a hundred fathoms' depth do not 
usually differ by more than three degrees — clearly indicating that, at one-sixth of 
the greatest recorded depth of water, the temperature of the Gulf Stream has 
not yet been materially diminished, and, inversely, that the cold drift is still too 
deep-seated to have been in operation at that distance from the surface. 

July lO.-^Strong head winds, cold drizzUng fogs, or drenching rain, with a 
nasty chopping sea, have haunted us ever since we drew near to " The Inferno/' 
Our course has been close to the northward of the Westmann Islands, a group of 
purely volcanic origin, and abounding in magnificently bold scenery. Most of 
the islands consist of trappean rock thrust up sheer from the sea to a height of 
several hundred feet. • In one place the entire face of one of these huge masses 
has been rifted off and hurled forwards as it were, its angle of inclination being 

* " Notes on the Presence of Animal life at vast Depths in the Sea." 
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SO great as to give it the appearance .of being about to crash headlong into the 
waters beneath. In a second mass of nearly similar dimensions one half has 
become partially submerged, whilst the other defiantly stretches forth its rugged 
and perpendicular front to the waves that lash themselves into a frenzy in their 
effort to make it yield also. On the land side, the mountain-chains, whenever 
it was possible to snatch a momentary glimpse of them by the uplifting of the 
clouds, presented a most weird appearance, and told of the terrific forces which 
were in operation at their upheaval. But Hecla, Eyefialla, Kotlugia, and Skaptar 
Jokul remained provokingly hidden from view; and after straining my eyes for 
several hours, and vainly endeavouring to deceive myself into the belief that 
every towering cone whose summit was swathed in mist must be belching forth 
its sulphurous torrent, I was at last glad to beat a retreat, and go to my '^Plutonic 
tallies " (as Captain Maury calls them) obtained from the regions below. 

Whilst the increase in depth of water, from the north-west angle of the Faroes, 
lyas singularly gradual and r^ular till we reached the vicinity of the 682- 
&thom point, from thence to the south-westerly part of Iceland the evidence 
of a more recent igneous-rock formation at once discloses itself in a series of 
alternating elevations and depressions. Thus, at a distance of about forty miles 
to the westward we find 64 fathoms; then a plateau of nearly seventy miles 
diameter, on which the depth varies between 40 and 100 fathoms ; and lastly, 
another dip of 640 fathoms, which decreases to 445 fathoms at fifteen miles 
distance from the Icelandic coast 

Now these alternations of level are by no means great; and, so far as the 
soundings show, there is no reason whatever why a telegraphic cable should not 
sink down into the position destined for it, even if run transversely across all 
these ridges and hollows. But this is only on the supposition that the depths 
indicated are really the greatest that exist, and that, along the intervals, other 
depressions and elevations, more or less sudden as the case may be, do not occur. 
If one can judge from the character of the islands we have passed today, namely 
the Westmanns, and from that of the mainland, so far as the mists have 
allowed us to catch a glimpse of it, it would seem highly probable that the alter- 
nations are infinitely more frequent, and consequently that a survey of a sufi- 
ciently comprehensive kind to indicate the direction and extent of the valley- 
lines is absolutely indispensable, if a cable is to be submerged in this direction 
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with the slightest prospect of safety. Wherever the submaxine valleys happen 
to be narrow and irregular, no matter how slowly a cable may be paid out, 
festoons would form, the weight of which, acting on the points of contact, would 
inevitably engender a fatal strain. Whether the strata at the bottom be of th.Q 
more recent or ancient igneous character, the danger of abrasive action would 
exist in an equal degree so long as the ridges supported the layer of emery-like 
deposit which prevails along the southern coast-line of the island ; and, as already 
stated, the only mpde of counteracting this danger is to deposit a cable, not 
across the endless series of sharp ridges, but along the most suitable of the 
valleys protected by them. 

July 12. — Bekiavik. After rounding Bekianess the evening before last, in a 
stiff gale from the southward, and having seen quite as much as was desirable 
of the reef-bound coast that stretches for some distance to the east of that Cape, 
we dropped anchor yesterday morning at Bekiavik. Whether owing to the 
still gloomy state of the weather, or a certain demure look inherent in the place, 
the first feeling engendered, on taking a survey of it from our anchorage, was one 
of unmingled disappointment Instead of a picturesque town nestling, like a 
searbird, at the base of vast broken cliffs such as one might expect to come across 
in an intensely volcanic region, a range of straggling wooden houses extending 
along a low, somewhat broken slope, on which no trace of verdure was observable, 
with a murky background of mist solid enough to have concealed Paradise, was 
all that met our gaze. The peculiar summer (of 1860) had evidently " set in 
with its accustomed severity " in these, as in our own lower latitudes ; and it was 
not until a late hour in the evening that the sky cleared, and revealed the glorious 
amphitheatre by which Faxe fiord is surrounded. During a few moments of 
sunshine, the effect was almost magical, — the distant snow-capped ranges of 
mountain, which shut out the horizon to the north-westward, being brought for- 
ward with a distinctness not only of outline but of detail, that would have made 
them appear close to the eye, but for the multitude of intermediate peaks which 
glistened as if suddenly transformed into a tempest of adamant; whilst some 
sixty miles distant to the north-westward might be seen the gigantic cone of 
Snsfells, towering up from the sea in isolated grandeur. 

There is something singularly impressive in the knowledge that we are 
standing on the threshold of the mightiest convulsions the surface of our planet 

c 
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has witnessed Although fully alive to the &ct that, throughout the globe, a 
mere crust intervenes between us and the vestiges of similar phenomena, it 
is not until our feet press the blistered lava^bed, and we actually see around us 
the vast blocks which once fell thundering into the positions they stiU occupy, 
that the mind wakes to a conception of the sublimity and grandeur of such a 
scene. 

The whole of the south-western peninsula of Iceland presents the appearance 
of having been poured forth as a vast continuous lava-stream. Along the eastern 
boundary of this tract may be seen a number of well-defined cones, which consti- 
tute the flank company of a series extending diagonally across to the north- 
eastern extremity of the island. Those in the neighbourhood of Rekiavik, and 
stretching in a south-westerly direction down towards Bekianess, would seem to 
have been thrust up at a period anterior to the passage of the great lava-stream, 
inasmuch as they rise up suddenly &om the general level, and thus indicate its 
gradual elevation around their bases. But at the present day there remains no 
direct evidence to show from whence the stream flowed. The distance of its 
central portion from the two great southern foci of convulsion, namely Hecla 
and Eyefialla, is about sixty miles. It is nevertheless quite possible that it may 
have flowed from one of these, inasmuch as, during the eruption of Skaptar Jokul 
in 1783, two streams were given off, one of which extended to a distance of fifty 
miles, with a breadth varying from twelve to fifteen miles, and an average depth, 
where spread out on flat tracts, of 100 feet ; whilst the other reached to a distance 
of forty miles, with an average breadth of seven miles, and the same depth as 
the previously mentioned stream. But in some of the gorges, between the 
mountains through which these streams forced their way, they actually attained 
the enormous depth of upwards of 600 feet. 

The shore along the fiord near Rekiavik is composed entirely of huge scori- 
aceous blocks of lava, the colours of which vary from a slaty blue, to purple, brick- 
red, and black. All are more or less spongy in their structure, and, except 
where they have been subjected to attrition within the tide-marks, retain the 
sharp irregular emery-like surface so characteristic of the lavas and pumice 
masses. Even the small boulders and pieces of shingle along the water-line, 
which have been subject to long-continued violent attrition against each other, 
although rounded in outline, present the same peculiarity ; whilst the resultant 
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sand consists of minute angular particles which never lose their primary keenness, 
under any amount of comminution. The same remark applies to the more 
glassy obsidian-like substance of which the soundings on the southern coast con- 
sist This deposit has been derived, in all probability, from the atmosphere during 
the eruptions ; and it is somewhat extraordinary that it should be almost entirely 
free from particles of true lava or pumice. So &r as the soundings have hitherto 
gone, this peculiarity is invariably observable. It would therefore appear that 
the clouds of volcanic dust with which the atmosphere is loaded, and which has 
been known to extend to the coasts of Norway, the Faroe Islands, and even 
Shetland, constitute the true basis of the molten mass of the volcano, the lavas 
and pumice being the overflowing scum that collects upon its upper sur£Bu;e. 

As far as I have been able to learn from persons who have travelled in the 
neighbourhood of the obsidian veins, these do not occur at great elevations on 
the sides of the volcanic cones, but appear suddenly and end as suddenly. 
Should this really prove to be the case, it would indicate that the streams of 
obsidian were poured out through lateral channels, situated below the level at 
which the fused mass within the body of the volcano assumes its frothy character. 
Pent up as is the gaseous matter within the cellular cavities, under an incon- 
ceivably vast pressure, it is easy to perceive that such portions as are thrown up 
from the mouths of the crater itself would be shivered into innumerable minute 
atoms on escaping into the atmosphere, and, in this state, be borne far and wide 
with its currents. 

Out of 25 soundings made up to this date, bottom has been brought up, in 
greater or smaller quantity, seventeen times. Of this number 10 soundings have 
been effected with the greased sinker, and 5 with the conical cup. 

I have devised, and submitted to Sir Leopold M'Clintock, a modification of the 
" Clams " which he described to me as having been employed by Sir John Eoss 
many years ago. Instead of clams I have suggested cwps^ closing on hinged 
levers, and available with the hollow Brooke's sinkers supplied for use on board 
the ' Bulldog.' 

July 13. — Called on the leading residents at Bekiavik, and experienced from. 
them the cordial hospitality for which they have always been remarkable. The 
name of the ship seemed .to afford the little community a standing joke as being 
peculiarly applicable to " John Boole." It is only to be hoped that their ideas 

c2 
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of our refinement were not l)ased on the grinning demon tiiat passes master as a 
figure-head, and vouches for our ^^ &ncy " habits by having its neck encirded with 
a huge saw-toothed collar. 

Dr. Hjalthelin, the chief surgeon of the settlement, whose acquaintance I had 
the pleasure of making today, informs me that Kotla (the volcano which burst 
into action in the middle of May) is one of the largest in the island. For some 
weeks prior to the eruption, the wells and springs dried up and several shocks 
of earthquake were experienced. Towards the end of May, it cast forth vast 
masses of lava and ice^ mixed. This is precisely what Sir Charles Lyell states 
might be expected to take place in the case of the Icelandic volcanos, the cones 
of which are more or less constantly covered with perpetual snow*, — his conclu- 
sion being based on the discovery on Mount Etna, in 1828, by Signor Gemmel- 
laro, of an extensive glacier over which had flowed the lava-current. " We may 
suppose," writes Sir Charles, " that, at the commencement of the eruption, a deep 
mass of drift-snow had been covered by volcanic sand showered down upon it 
before the descent of the lava. A dense stratum of this fine dust mixed with 

scoriffi is well known to be an extremely bad conductor of heat Suppose 

the mass of snow to have been preserved from liquefaction until the lower part 
of the lava had consolidated, we may then readily conceive that a glacier thus 
protected would endure as long as the snows of Mont Blanc, unless melted by 
volcanic heat from below." 

In the recent eruption of Kotla these several conditions would seem to have 
been frdly answered. It is well known that the summit of the cone of this 
mountain was completely encircled with glacier. During the earlier period of 
the eruption the ejected matter consisted principally of small scoriae, with immense 
volumes of dust, by which the atmosphere was darkened. It is therefore highly 
probable that a considerable layer had time to collect, and thus to protect from 
immediate disruption the great mass of ice occupying the depression of the crater. 
On the eruption attaining its height, this mass would be rent asunder, in the 
first instance, into innumerable blocks of still gigantic proportions ; and finally 
these blocks, melting and being dislodged by the intensity of the temperature, 
would flow towards the vents and there mingle and be ejected with the general 
mass of volcanic matter. 

♦ Lydl's * Principles of Geology,' 1853, p. 413. 



CAUSES OF SICKNESS. 13 

During the contmuance of the eraption, great sickness and mortality are said 
to have occurred amongst the inhabitants of the islands and their cattle. Forty 
thousand sheep perished in the short space of six weeks. Similar results are 
recorded as having attended previous outbursts. They are referred to, not as 
secondary results of the phenomena, but as being directly and entirely due to the 
dissemination of mephitic vapours. Now although the gaseous products of vol- 
canic action are no doubt highly deleterious, I cannot help thinking that an undue 
amount of direct influence is supposed to attach to them. Leaving out of the 
question the effect on the animal economy of inhaling minutely pulverized par- 
ticles of mineral matter of any kind— effects which can be demonstrated too 
frequently amongst our own manufacturing towns, without having to seek for 
illustrations in volcanic regions — ^I think it highly probable that fear and mental 
depression must be r^;arded as the mephitic influences most potent in the pro- 
duction of the evils. No more conclusive proof is needed of the wonderful extent 
to which fear may operate, than the almost universal sensations of ^' sickness " 
and ^^ giddiness " said to attend an earthquake. As the shocks rarely last above 
a minute or two, it is obviously absurd to refer these sensations to any more 
palpable cause than alarm ; and we may readily understand, therefore, how such 
sensations, if protracted for considerable periods, and a^ravated by the intensity 
of the predisposing cause, may bring about the most alarming or fatal conse- 
quences. 
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CHAPTER 11. 

LEAVE REKIAVIE:,— LIMITATION OF VOLCANIC DEPOSIT.— ITS SUPPOSED CAUSE.— 
SOUNDINGS.— ABSENCE OF MINUTE ANIMAL LIFE AT SEA-SURFACE.— BROOKIE^ 
APPARATUS.— VALUE OF CAREFUL MICROSCOPIC EXAMINATION OF SOUNDINGS. 
—UNUSUAL ATMOSPHERIC APPEAHANCE.— FIRST GLIMPSE OF GREENLAND. 
-PACK-ICE AND BERGS.— DEPTH OF SEA BETWEEN ICELAND AND GREEN- 
LAND.— GREAT EXTENT OF ICE-PACK.— HEAVY GALES.— GREAT GLACIER.— 
TALLERT BANK,- UNABLE TO REACH FREDERICKSHAAB.— RAPID DRIFT OF 
ICE.— SHIP SUDDENLY HEMMED IN.— RETURN TO TALLERT BANK.— FALL IN 
WITH OUR COLLIER.— RENEWAL OF ATTEMPT TO MAKE FREDERICKSHAAB,— 
PROCEED TO THE NORTHWARD.— BAAL'S RIVER,— ARRIVAL AT GOODHAAB. 

July 15. — Left Eekiavik yesterday forenoon just as the clouds, which had so 
invidiously hung over the island during nearly the whole period of our stay, 
began to break and give promise of returning sunshine. But the mists still sur- 
rounded the vtrhole of the mountain-ranges, and Iceland £aded from our sight 
much after the same provoking fashion that the Faroes did. 

Soundings have been taken at intervals of two hours ; and as each one is inva- 
riably examined by me the moment it is brought on board, I had rather too much 
science and too little slumber during the night. Having traced the range of the 
volcanic deposit to the eastward of the island, it becomes a matter of great 
interest to find out how far it extends in the direction of Greenland. This I shall 
now have a double opportunity of doing, as the ^ Bulldog' is to return to Bekiavik 
on her home voyage. 

The soundings already taken reveal a very ciirious fact, namely, that all trace 
of the fine volcanic mud which constitutes almost the entire mass of the bottom 
deposit between the longitudes of 14° 40' and 23° 02' (the latter representing a 
point distant about fifteen mUes from the western shore we have just left) ceases 
along a tract of about forty miles. Along this interval it is replaced by rounded 
basaltic gravel ; but at a distance of about sixty mUes from land it re-appears, in 
reduced quantity and a much more comminuted condition, as a slate-coloured 
mud. From this point the traces grow fainter and fainter, until in long. 27° 33' 
they are altogether suspended, the depth of water being 819 fathoms. 
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At present I am unable to hazard even a supposition as to the source whence 
the basalt is derived. The shape and smooth surface of the pieces clearly 
seem to indicate a current or tideway. It can hardly come &om Breda fiord, 
inasmuch as in passing across Faxe fiord it must have become associated with the 
volcanic mud of which the bottom of that fiord is formed. On the other hand, it 
is highly improbable that it has been deposited by floating ice, inasmuch as the 
tract along which it occurs is precisely that most &ee &om ice. But wherever 
its source, the occurrence of such a well-defined interruption in the volcanic 
deposit, coupled with the character of the basaltic gravel present in the interval, 
seems irreconcileable with any other explanation than the one suggested, namely 
the transporting and abrading action of a bottom current. But to this subject I 
hope hereafter to be able to revert. 

July 16. — For the first time since leaving the Faroes, the morning has been 
ushered in with a clear sky, calm water, and a bracing but not chilly atmosphere. 
Last night it was both cold and raw. The depths are gradually increasing, each 
sounding exceeding the previous one by about one or two hundred fathoms. At 
8 P.M. a sounding was made at 1377 fiithoms, but with a greased sinker. A boom 
was rigged out for me today, in order to try whether my sur&tce-nets could be 
used clear of the disturbed water produced by the progress of the ship. But 
although the day was bright and the surface calm, and the objects of my solicitude 
were no doubt disporting themselves on all sides, the speed was an efiectual 
obstacle to success. It is evident that, unless under sail only, any attempt at 
surface operations will be futile. In a screw steamer it might perhaps be possible 
to use the net, by having a boom rigged out from the waist or forecastle ; but in 
a paddle ship it is out of the question. 

July 17. — ^Depth still gradually increasing. Brooke's machine has been em- 
ployed for the second time today. In sounding No. 28, about twenty miles 
from Kekianess, it was let down, but fidled to bring up a specimen of bottom, 
although the depth was only 80 fathoms. Today, it only partially succeeded, 
bringing up about half an ounce of mud. Had the construction of this apparatus 
been suitable, a much larger quantity must have come up. What there was I 
found sticking to the inner side of the cylinder at the point at which it is screwed 
on to the shaft. All between the screw and valve had been washed out, — there 
being a direct communication between the lower valvular aperture and the entire 
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length of the shaft, which, as a matter of course, causes a current to flow from 
one end to the other, in hauling up, should there be the slightest inaccuracy in 
the yalvular fitting. In the event of the valve beiog jammed by the insertion of 
mud or an3rthing else between the spring and the side of the cylinder, the same 
untoward effect would be produced. The material brought up is nevertheless of 
interest, being the first example of the so-called deep-sea ^' ooze." 

A boat was placed at my service today during two of the soundings. But 
although the weather was fine, the surfiEU^ was too rough to use my nets with 
success. We saw several whales, some of very large size. 

July 18. — ^The value of careful microscopic examination was shown in the case 
of a sounding taken last night A Brooke's apparatus was let down and carried 
away. A second, entirely new, was then employed. It seemed to come up quite 
clean and empty. At one point, however, a minute grey speck of mud was 
discernible adherent to the cylinder. This was cautiously separated, and on 
being placed under the microscope proved to be mud. The quantity brought 
up was not quite one-eighth of a grain. 

Shortly before noon, a most unusual gloom seemed to spread over sea and air 
and sky. Overhead reigned a dense leaden tint, as if the sun had been put in 
with Indian ink and then clumsily rubbed out. Around the horizon stretched 
a murky solid-looking wall of mist or cloud which had the appearance of closing 
in upon us on every side. The barometer indicated no unusual atmospheric dis- 
turbance ; but the Kittiwakes and Jager Gulls, that had been hovering about 
the ship, seemed as sorely puzzled at the prospect as we were who stood discussing 
the peculiarities of Greenland weather. The Master, who was taking his meridian 
altitude, possibly shared our perplexity. If he did so, he certainly kept his own 
counsels like a wise man, until he solved the mystery by bringing to our recollec- 
tion — that the eclipse was going on. 

July 19. — ^Today I have seen a sight that outstrips the power of imagination 
to picture, or words to describe. Bather less than a week ago we were 
surrounded by the evidences of igneous cataclysms of stupendous magnitude. 
We are now rapidly approaching a region whose surface has, for ages past, been 
the theatre of glacial cataclysms quite as stupendous. 

Early this morning the east coast of Greenland was sighted, at a point about 
five-and-twenty miles distant from Cape Vallde. The atmosphere was as clear 
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as crystal, the sea as unruffled as a mirror ; whilst the blue tint presented by 
both was of an intensity rarely equalled except in subtropical latitudes. 

Before us stretched in a long line, extending as far on either side as the eye 
could reach, the rugged mountain-ranges that hem in the eternal desolation 
beyond* No gentle slope mingled with the outline of the innumerable icy peaks 
which stood out against the horizon with an almost terrible distinctness, but 
everywhere was to be seen the stem grandeur of a scene beside which the snowy 
ranges of the Himalaya, majestic as they are, would appear subdued into 
tameness. Between the ridges, the snows of centuries had already filled up the 
chasms, and hid from view all but the most perpendicular faces of rock. No 
portion of the shore-line was visible ; yet its position and direction could be 
determined by the diflFerences in character of the fixed and fioating ice. 
From it, to within a short distance of the ship, extended a dense mass of closely 
aggregated pack-ice, out of the midst of which, at intervals, huge bergs reared up 
their glistening sides, whilst, fioating clear of the pack, detached masses were to 
be seen whose battered condition plainly told of many an Arctic blast and wave. 
Some of the bergs were of gigantic size, and exhibited a regularity of form almost 
unaccountable. Others, again, seemed as if they had been fretted and contorted 
into every possible shape. The further we advanced, the more numerous the 
bergs became ; and in passing near them we could detect the exquisite colouring 
of the water-washed portions as contrasted with the virgin whiteness of the upper 
walls. Such tints of soft blue and green no other hand than Nature's could 
impart, such contrasts of light and shade where apparently there was no colour, 
and such contrasts of tint where it was impossible to detect a shadow. But 
the attempt to describe such a scene is vain. The eye may gaze upon it and 
admire ; but the soul, as if conscious of God's presence, bows down in adoration 
and is speechless. 

The total number of soimdings taken between Iceland and the east coast of 
Greenland was thirty. Assuming the entire distance between the two points to 
be, in round numbers, 600 miles, this would give an average interval of twenty 
miles from sounding to sounding. The mid-channel soundings, however, were 
about fifty miles apart. 

The greatest depth, namely 1572 fathoms, was encountered halfway across, 
the descent being appai-ently very regular down to that point. As already noted, 
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all trace of volcanic particles was lost about one-tenth of the distance across, in 
long. 25° 07'. 

The ascent from the deepest recorded sounding (which was in long, 32"^ 34') 
was equally regular up to a point about fifty miles distant from the east coast of 
Greenland. But here a very sudden and remarkable rise was met with — ^the 
depth decreasing from 806 to 227 fathoms in three and a quarter miles; that is, 
at a rate of 1050 feet per mile. 

The greatest dip on the mid-Atlantic route occurred, as is well known, near 
the Irish coast. It was at the rate of 720 feet per mile. The respective ratios 
of these two great dips are, as 1 to 5, and 1 to 6, and represent angles of eleven 
and mne degrees. 

In attempting to dredge today in 108 &thoms water, whilst a sounding was 
going oh, my dredge got foul of rock at the bottom and was lost This is a 
serious accident, inasmuch as it was the only apparatus of the kind I was enabled 
to procure before leaving England. Had it been made of gold, instead of the 
baser metal, the loss could hardly have been more keenly felt at the present 
moment 

I have already alluded to the uncertainty of action in Brooke's sounding- 
machines. But the experience derived from some of our recent soundings 
suggests doubts in my mind as to whether the residts obtained by any of the 
methods of sounding hitherto employed can be relied on as affording a correct 
estimate of the character of the sea-bed. 

On the occasion of the dredge being lost, it was dropped over the stem, whilst 
the sounding with the conical cup was being conducted in the usual place, 
namely over the bows. The cup came up half full of grey mud, pieces of 
granitic and felspathic rock, varying in size from a quarter of an inch to an inch, 
and some fragments of a delicate coral. From indications present on the pieces 
of rock, it was perfectly clear that they were resting on the bottom as gravel or 
shingle, and that they were not broken off by the machine from the strata 
forming it. On the other hand, it was equally certain that either exposed rocky 
strata or very large detached masses of rock constituted the bottom, inasmuch 
as the strain caused by the fouling of the dredge was sufficient to snap asunder 
the perfectly new deep-sea-line attached to it, and which was capable of bearing 
a weight of several hundred pounds. 
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Our first day amongst the ioe terminated with a sunset worthy of the majestic 
mountain scenery over which it shed its gorgeously-tinted rays. If the old saw 
be correct, we may look out for " dirty " weather tomorrow. 

July 20. — It blew hard during the night ; and but for the pack-ice, which 
befriended us, we must have had a far more boisterous sea. For the first time 
since approaching the Faroe Islands, the endless day has been interrupted by a 
couple of hours of twilight, during which a f^w stars ventured out like modest 
virgins, and then hastily retreated as if in alarm at their own temerity. During 
the day and so long as the air was still, the temperature, although bracing, did 
not feel perceptibly lower than that of a fine day in November in our own lati- 
tudes. But as we neared Cape Farewell, the air began to feel bitterly piercing, 
the sky was overcast, and we were so closely surrounded by ice that the ship had 
to be put considerably to the southward of her course. 

We are now well out to sea again, out of sight of land, and with ice all round. 
After proceeding to the northward till about 9 a.m., the pack became too dense 
to admit of our advancing, and accordingly the ^ Bulldog ' is compelled to retrace 
her steps until clear water shows itself. 

July 22. — ^The ship is now heading to the north-westward at the entrance to 
Davis Straits, in order to get clear of the pack, and is to continue on this 
course till abreast of Frederickshaab, a Danish settlement on the west coast of 
Greenland, about 180 miles from Cape Farewell, where a vessel has been 
directed to precede her with a supply of coal. The barometer has been steadily 
falling during the whole night, and now stands at 29*17. A heavy gale 
blowing. 

July 2^. — ^The ship "lying to" all night under storm jib and close-reefed 
topsail. There is a tremendous sea running, and in it the ' Bulldog ' wallows to 
her heart's content. Everything in my cabin adrift, and apparently intent on 
mischief. As any endeavour to restore order in such a turmoil would only be to 
establish a fresh point of " departure," I must rest content to let the riot continue 
for the present. Writing, under these circumstances, not only demands some 
skill in equitation, but has to be done by catching a propitious interval between 
each surge — ^much in the same fashion that the engineer uses the oil-can in those 
parts of the machine near which, were his hand to remain an instant too long, it 
would be crushed into mincemeat 
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Jaly 24. — ^Land in sight all the forenoon. At 5 P.if. we were off the " Ice 
Blink," or Great Glacier, about thirty miles to the northward of Frederickshaab. 
This gigantic mass of ice is said to be twelve miles in diameter, although, from 
the circumstance of its forming a curve, it appears considerably less. On either 
flank, the lofty mountain-ranges slope down and form the broad valley on which 
the glacier rests. Far back in the distance some bold peaks rise suddenly fix)m 
the general mass, and mark its boundary in that direction ; whilst stretching 
across an arc of twenty degrees, and at a probable distance of not less than 
thirty miles, the still unbroken contour of the mighty glacier cuts the horizon. 

But, withal, the scene is tame, and, compared with that observable on the 
eastern coast, almost uninteresting. The long regular sweep of the surface of 
the glacier is unbroken save by the innumerable little channels worn into it by 
the melting of the upper layer during the short northern summers, and, instead 
of presenting the pure whiteness of the peaks on either side, is stained and 
muddy from the deposits that have taken place upon it. Seen from a distance 
of ten or fifteen miles, the angle of inclination appears exceedingly small ; and 
along the shore-line the vast mass descends so gradually as to afford no indica- 
tion of the point at which it terminates and the land-ice begins. According to 
Crantz (Hist. Greenland, translated from the Danish : London, 1820, p. 5), ^^ The 
^^ points of land, which run out a great way into the sea on both sides, consist 
^' of banks of sand so fine and light that, when agitated by the slightest breeze, it 
^^ darkens the air like a cloud, and fills the eyes and mouth of all who approach 
^^ within eight leagues of the shore." This accounts for the peculiar colour of the 
surface of the glacier ; but it is somewhat remarkable that, although the narrator 
of the above fact visited the " Ice Blink " at precisely the same period of the 
year as we did, no other trace of the presence of this dust-bank was observable. 

An extensive shoal, called the '^ Tallert bank," reaches out to sea for many 
miles in front of the great glacier. I was extremely desirous of ascertaining the 
character of the deposit constituting this bank ; but the state of the weather and 
ice afforded no opportunity. This is the more to be regretted, as, from the 
appearance and form of the glacier, the fact of its never " calving " (that is, 
giving off bergs), and the existence of an extensive shoal, I am inclined to 
believe that the glacier now under notice covers a large river which takes its 
rise in the far interior, and debouches below low-water mark, bringing with it 
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the detritus to build up the bank. Under no other set of conditions does it seem 
possible that such a shoal should form. The fact of other glaciers both on this 
and the east coast giving off bergs is of itself proof of the presence of deep 
water, inasmuch as the stranding of masses of sufficient size to offer resistance 
to the downward progress of the glacier itself would inevitably be overcome in 
time by the accumulated pressure. The first operation of this pressure would be 
to heap up a pile of gigantic bergs. Gradually it would overcome the resistance 
of these and hurl them onwards, ploughing out chasms in the sea-bottom, and 
eventually creating channels of sufficient depth to float the detached masses 
subsequently given off. By degrees the boundary-walls of these channels would 
be broken up and deposit their silt along the deepest portions. Again obstruc- 
tion would take place by the grounding of the bergs. Again the channels 
would be cleared. Again the silt would be deposited, but in diminished 
quantity, — ^until at last, under the combined and long-continued repetition of 
these causes, the depth of the searbed would become sufficient to permit the 
unimpeded descent and advance of the newly-detached bergs. If we bear in 
mind that these ice-masses do not glide into the sea &om their parent glacier, 
like Naiads gliding into a crystal lake, but plunge headlong with a crash 
which raises the water around into a perfect tempest, extending for several 
miles, and that the detached mass does not recover from its drunken gyrations 
for days after leaving the land, we shall be able perhaps to form some estimate 
of the stupendous force that an accumulation of these masses would engender. 

In Crantz's narrative already referred to, he gives an extract from a commimi- 
cation made to him by an old Danish factor who had resided many years at 
Frederickshaab. Speaking of the difficulty of accounting for the immense 
quantities of ice discharged from Disco Bay, the narrator says, '^I received 
^^ some explanation of this difficulty from a journey I made with some Green- 
^' landers along the ' Ice Blink Bay ' as high up into the interior as any Green- 
^^ lander had ventured. I then discovered that, though nothing but firm land 
^' coated with ice appears seaward, there may still be open water on the land side. 
^' I also learned the manner in which the fragments of ice are carried down into 
" the sea by the current, imder the solid surface. When and how the mouth of 
^' the bay was blocked up, is unknown. Probably, during a long season of calm 
" weather attended with severe frost, in the middle of winter, the drift-ice may 
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'^ have continued stationary at the mouth of the fiorde, and being exposed in spring 
^' to an alternation of thaw and frost, have been consolidated in a mass firm enough 
^^ to resist the summer's warmth, and the action of the winds and current. The 
^ fix)zen snow accumulating for ages has swollen this mass to so huge a bulk, that 

the narrow arches through which the stream impetuously rushes are in many 

places 20 fathom high. The pieces of ice yearly precipitated from the moun*^ 
" tains into the open bay are hurried down by the stream upon this icy bridge. 

The smaller fragments float through ; the larger dash against it until they are 

broken into pieces small enough to pass through also*." 
Now, although the character of the glacier must have undergone great modifi* 
cation since the period to which the above account refers — ^no less than 104 years 
ago— inasmuch as its sea-margin does not rise to half the height to which the 
arches are stated to have reached, there is quite sufficient evidence to show that 
a vast subglacial efflux of water must have been present at that date. 

July 26. — ^After steaming slowly to the southward all night, it is found that the 
passage into Frederickshaab is impracticable. The whole coast-line is blocked 
up with an impenetrable barrier of ice extending for many miled out to sea. It 
is usual for the coast-ice to begin to disappear considerably before this period ; 
and as the movement takes place from the northward, it is but too probable 
that the settlements to the southward, namely Julianshaab and Nenortalik, are 
equally unapproachable. The collier therefore can hardly have reached either 
of these places. I believe we have one week's supply of coal left. The baro- 
meter is again falling rapidly, and already it is blowing a gale. So once more 
we are oflF to sea. Towards evening steam shut oflF, and ship under sail only. 

Besides the main body of the pack hemming in the coast as a long unbroken 
barrier, a number of bergs of very large size are to be seen on every side. These 
vary in height from 50 to 160 feet or even more. One appeared to be about 
200 yards in length. The detached pieces of pack generally indicate a thickness 
of from 15 to 20 feet, whilst in diameter they are at times as much as 100 yards. 
A curious appearance is observable in some of the bergs. As already mentioned, 
the entire mass above water is generally of the purest whiteness, there being 
little or no transparency visible until within a few feet of the line of floatation. 
But in some bergs delicate yet well-defined lines may be seen, of a rich ultra- 

♦ Crantz, ' History of Greenland,' p. 19. 



BLUE VEINS IN ICEBEEGS. 23 

marine colour, traversing the faces from side to side or from top to bottom. At 
a little distance these lines look like fissures ; and so in reality they are, although 
completely filled up with transparent ice, which contrasts strongly with the pure 
whiteness of the body of the beig. It is probable that these fissures have occurred 
prior to the separation of the berg from the parent glacier, and that the trans- 
parent streaks of ice are due to the infiltration and congelation of fresh water 
which has flowed into them ; for, had they occurred subsequently to the separa- 
tion of the bergs, the split portions must have fallen asunder. The nature of 
the blue streak was clearly exhibited in a berg the nearest &ce of which appeared 
to have been recently split off. In this case the summit of the mass was some- 
what concave, or rather had been concave, before the face alluded to fell asunder 
from it ; and towards the central portion of its upper edge was to be seen the 
sectional view of a trough, from the base of which the blue streak extended down 
to the water's edge, both the trough and the fissure proceeding from it being 
filled up with a beautiful clear blue vein of ice. Here, then, it is evident that 
the infiltration of water into the fissure, and the trough-like cavity from whence 
it sprung, were due to the thawing of the upper surface of the berg. 

July 27. — ^There is something singularly deceitful in these northern sum];ners. 
For a few hours last evening the sky shook off the foggy mantle it had assumed 
the day before and gave token of returning sunshine. The wind lulled almost to 
a calm, and with it the sea. But it was only to take breath and recover their 
energies for another hubbub. The glass fell rapidly after midnight ; and by 6 a.m. 
the gale was blowing as fiercely as ever from south-west, the quarter of all others 
the most certain to accumulate more drift-ice along the coast, and impact it into 
a denser barrier than ever. 

Last evening, the moment the state of the sea admitted, I let down my surface- 
nets ; but, with the exception of the common forms of JEntomostraca, some cilio- 
grade Medus» and an Annelid closely allied to Tomcpteris (Esch.) (the Johnstonella 
of Gosse), I captured nothing. 

July 31. — ^The weather having moderated somewhat, yesterday afternoon 
the ship started under steam once more for Frederickshaab. The scattered 
state of the ice through which we passed this morning induced a hope that the 
coast might now be sufficiently clear to allow of our entrance. But we are doomed 
to disappointment ; for after forcing our way, in a dense fog, through many miles 
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of drifting ice, we sighted Little Vardoe (the island lying a few miles seaward of 
the settlement), and foimd any nearer approach as impracticable as before. It is 
evident, therefore, that instead of the vast fields of drifting ice through which 
we have had to thread our way being the dispersed remnant of the pack pre- 
viously blocking up the coast-line, they were fresh reinforcements brought up 
by the strong south-westerly gales. In ordinary seasons the current from Cape 
Farewell is of sufficient strength to keep the channel between Little Vardoe and 
the mainland clear of ice, even when the rest of the coast is hemmed in. It is 
evident, therefore, that exceptional influences are in operation this year. 

During a sounding taken at 2 p.m. in 100 fathoms, the rate of this current was 
made apparent by the rapid manner in which the ' Bulldog ' drifted towards an 
immense grounded berg, in order to escape collision with which, the engines 
had to be backed. 

The berg in question was about 120 feet in height. As the ship passed within 
a hundred yards of it, I could perceive that, from the water-line, the mass dimi- 
nished rapidly in diameter and sloped upwards at a considerable angle on all 
sides, whilst inmiediately below the surfisu^e it spread out horizontally for many 
yards. 

I am indebted to the kindness of Mr. Roughton, the chief engineer of the 
' Bulldog,' for having replaced my dredge. It has been on its first voyage of 
discovery, and brought up some interesting specimens of Corals, Polyzoa, and 
Ascidians, — the latter presenting the velvety tinting of a ripe peach, some of the 
former so delicate and fragile as to demand the most careful handling ; and yet 
every inch of the sea-bed on which they rest must now and then be ruthlessly 
ploughed up and crushed beneath the icy mountains that traverse these waters ! 

Again the * Bulldog' turns her head seawards, but imder sail only, inasmuch 
as it is more than ever imperative to economize the little remaining stock of coal 
on board. Passed through immense quantities of ice and saw some gigantic bergs. 
About fifty miles from land, one of these, at least 180 feet high, was stranded, 
whilst the surface-current set so strongly towards it that it brought up a vast com- 
pact field a distance of two miles in half an hour. The terrific crashing of this 
moving mass was distinctly audible at a distance of three miles. Notwithstanding 
the tendency of a bitterly cold Arctic drizzle to strangle every spark of sentiment 
in its infancy, '^ imagination bodied forth the forms of things unknown," and 
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I saw before me a superhuman host rushing on to the. assault with a yell that 
might make hell tremble, whilst a beleaguered garrison, conscious of the impregna- 
bility of its position, awaited the assault in stem and silent defiance. 

At this stage of the melodrama, the fog overcame both imagination and reality, 
and the fortune of the day remains a mystery. 

In the evening the ship was suddenly hemmed in by ice ; and in order to extri- 
cate her from this perilous position, she had to make a ^^ stem board.'* Of course 
it was admirably managed, and in a few minutes we were again in clear water. 

Aug. 1. — ^Mne weather for once. Sounded for depth, which was found to 
be 700 fathoms. Lat 62'' 3', long. 61° 10^ 

Aug. 3. — Stood in towards the land, making the Tallert bank again, immediately 
off the Great Glacier. The day was beautifully fine, and gave us an opportunity 
of forming an estimate of the state of the ice. The pack seems much broken 
up, and is taking a north-westerly course seawards the wind being off shore. In 
a northerly direction the ice does not seem to extend beyond half-a-dozen miles. 
Inshore there is still a considerable quantity ; but, from the heavy crushing roar 
caused by the pressure of the masses against each other, it seems probable that 
the whole pack is commencing to move away. The sound referred to is unlike 
any other I have ever heard, inasmuch as it seems to proceed equally from the 
entire coast-line within view, and, although loud and distinct, conveys the impres- 
sion of being felt rather than heard. 

The Glacier looks as undemonstrative as ever, and grand in its stolidity. 

The pack is reported to extend southwards as fiEir as the eye can reach ; but, 
on our skirting its well-defined margin for some miles, the body of the ice is 
observed turning off seawards about halfway between us and Frederickshaab. 
Already it stretches out from land some twelve or fifteen miles. There are 
" lanes " and patches of clear water to be seen within the pack ; but none of these 
are of a nature to warrant the attempt to force a passage through them — at all 
events not in a paddle-ship. 

In the afternoon a brig was reported in sight, some fifteen miles off, standing 
to the southward. She proved to be our collier. Her master states that he 
arrived off Frederickshaab on the 18th of last month, but, a terrific gale coming 
on, he had to run out to sea again, and was eventually driven so fiu: up to the 
northward that he has only now been able to effect his return. 

£ 
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Aug. 4.-^0nce more an unsuccessful effort has been made to reach Fredericks- 
haab, the entire coast being still blocked up with an impenetrable barrier of ice. 
The ' Bulldog's ' head is therefore turned northward, and, with the ' Cicerone ' 
in tow, she goes in quest of a more hospitable port higher up Davis Straits. 

Aug. 5. — ^We passed through a very large quantity of pack»ioe yesterday, 
and met with some unavoidable concussions, but no serious injury. The day 
was tolerably fine, and afforded us an opportunity of seeing several magnificent 
peaks and glaciers on the coast. Although none of the latter are comparable, 
in point of extent, with the great " Ice Blink " near Frederickshaab, they far 
outstrip it in scenic grandeur. In one instance, the abruptly terminated fajce of 
the glacier clearly indicated the recent projection of several bergs. 

It rained all night. At an early hour the ^Bulldog' was close in shore. 
But the sudden fall of the barometer, and the advent of a heavy swell from the 
southward, rendered it necessary to nux out to sea without a moment's delay. 
By 9 A.M. the wind had already increased to a gale. The * Cicerone ' was being 
fairly dragged through the seas, which swept her deck from stem to stem. The 
strain becoming too great, the hawser parted. For a few moments the little 
vessel staggered, as if in hesitation whether she should go down head first or 
capsize. But she was too skilfiilly handled to yield even in the presence of 
such danger. In the twinkling of an eye a close-reefed topsail was set, and 
under it and a jib, which had providentially been hoisted before the tow-rope 
gave way, the gallant craft dashed off to windward and was soon lost to view in 
the distance. 

Aug. 7. — ^Yesterday forenoon, the gale having moderated, the 'Bulldog' 
stood in towards land, and made it some miles to the northward of Baal*s Biver. 
This morning she steamed down along the outer margin of the innumerable 
rocky islets that gird the coast, and arrived at the mouth of the inlet about 
10 A.M., escorted by a small fleet of Esquimaux kayaks. 

Although there was less ice along the portion of the coast we had traversed 
to the northward than had been met with in the direction of Frederickshaab, 
the entire surface of Baal's Biver and the fiords branching off from it, was 
covered with such a dense mass that it was with great difficulty, and only under 
the exercise of the utmost drill, that a passage through it was effected. About 
4 P.M. the ' Bulldog's ' anchor dropped in the harbour of Ooodhaab. 
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CHAPTER III. 

HARBOUR AT GOODHAAB. — BESET IN THE ICE. — AMERICAN ENTERPRISE.— 
DANISH SETTLEMENTS.— SEVERITY OP SEASON.— DEPTH OP FIORDS.- DREDG- 
ING UNDER DIFFICULTIES.— METHOD OF DETERMINING IMMEBfilON OF ICE.-^ 
BOULDERS.— MOUNTAIN TARN.— MICROSCOPIC ALG-S.— ESQUIMAUX AND THEIR 
KAYAKS. — OOMIAKS. — DEPARTURE FROM GOODHAAB. — FREDERICKSHAAB 
AGAIN— CAPE DESOLATION.— ICE AND ICEBERGS.— SOUNDINGS ACROSS DAVIS 
STRAITS.— ANCHOR IN HAMILTON INLET. 

After being tempest-tossed for. nearly three weeks in the midst of an ice-covered 
sea, it is pleasant to find ourselves, in company with four other vessels, resting 
placidly in a land-locked bay, over which the Arctic blasts may blow their fiercest, 
but whose surface they would find it difficult to arouse into any greater commo- 
tion than a ripple. On three sides it is encompassed by steep hills rising up to 
a height of several hundred feet, with deep water extending almost to their 
bases. On the fourth, a long spit of rock stretches to the westward and overlaps 
a bluff headland that closes in the harbour from the fiord outside. Away to the 
southward, the peaks of "Hiorte Tok," or the " Stag's-hom" mountain, rise above 
the boundary-waUs of our anchorage, whilst an intermediate range sweeps round 
the eastern margin of the broad fiord, from which it is separated by the spit 
already referred to. 

The other vessels consist of a couple of Danish barks of about six hundred tons 
burden, come in here for shelter until the state of the ice admits of their going 
into a southern port to load with cryolite ; a smart-looking American schooner, 
carrying a living cargo of fifty students of Williams' College, Massachusetts, 
bound to these parts on a scientific excursion, under the superintendence of 
Professor Chadboume ; and lastly our collier brig. 

The American was strenuously endeavouring to beat up the channel as we 
steamed in, but was baffled by the immense quantity of ice about. At the 
request of her Captain, who came on board, she was towed in to the anchorage 
by the ' Bulldog.' 

Atig. 8. — ^The scene around us today is both unexpected and interesting. 

e2 
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We are completely beset in the ice-pack, which has been streaming in uninter- 
ruptedly from seawards ever since our arrival, and may be seen from the mast- 
head still pouring in at the entrance to Baal's Biver. In the harbour the masses 
are crowded together in such close order as to render it impossible even for a 
kayak to move amongst them ; whilst the constant rolling over of pieces here and 
there, owing to the crushing pressure to which they are subject, effectually bars 
any attempt at passing to and fro on foot 

The whole of the ice appears similar in character to that by which we have 
been so hampered lower down the coast, and is of too great thickness to have 
been formed in the fiords on this side of Greenlan$L The pieces vary from 3 feet 
in superficial diameter to 40 or more. But in thickness above the water-line there 
seems to be much greater uniformity, the range being from 2 to 6 feet. Inter- 
spersed amongst this pack-ice axe a few small bergs, not rising above 10 or 12 
feet from the surface, and in aU probability fragments of larger masses. 

Strange to say, although the temperature of the water at the surface is only a 
few degrees above freezing-point, wherever a clear space of a few inches inter- 
venes between the pieces of ice, delicately tinted Medusse and glistening 
Beroidsa may be seen struggling upwards from the depths to bask in the 
simshine of which they are being so rudely deprived, — ^whilst numbers of mos- 
quitos, active enough to have emerged from a tropical forest, buzz through the 
air and evince their sense of its warmth by bloodthirsty attacks on all new 
comers. Nature for a time seems to search for contrasts. Above, an Italian 
sky ; below, an Arctic sea ; as if Summer had stolen away from the soft South to 
smile on Winter in his grim domain. 

Afig. 10. — ^The partial clearing of the ice today has enabled me to reach the 
^ Nautilus ' and make the acquaintance of Professor Chadboume, from whom I 
had received a very polite message. I learn from him that the expedition, of 
which he is the director, is a private one, the entire expenses, even to the char- 
tering the schooner, being liquidated by the students or their friends — the object 
in view being to teach them how to observe and collect specimens in the various 
departments of Natural History. The * Nautilus ' left Thomaston on the 27th 
of June, and, after dropping a small party, en route, at Labrador, reached the 
Greenland coajst, off Julianshaab, the same day that the ' Cicerone * reached the 
neighbourhood of Frederickshaab, and experienced the fiill force of the gale 
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alluded to by the master of the latter vessel. It may be recollected that on the 
east coast of Greenland, in almost the same latitude, the ^ Bulldog ' experienced 
calm weather on the eclipse day, and that it was not until she had rounded Cape 
Farewell and emerged from the shelter of the land that the south-westerly 
storms burst upon her* 

Professor Chadboume Informs me that on the morning of the 18th of July 
the ' Nautilus," in endeavouring to make the land off Frederickshaab, met with 
an immense belt of pack-ice a hundred miles from shore, from which she had 
barely time to escape when the gale suddenly increased to a perfect hurricane. 
Running northward before it, in a couple of days the schooner was enabled to 
round the advanced extremity of the pack, and to anchor in a little harbour in 
the vicinity of Sukkertoppen, a small settlement about eighty miles due north of 
Goodhaab. But for the absolute necessity of obtaining the supply of coal 
directed to await us at Frederickshaab, the ^Bulldog' might therefore have 
been comfortably ensconced at a like early date. 

There are two small stations here, situated near the north-western angle of a 
rather low peninsula, of nearly a mile in breadth, which abuts on Baal's River, 
and separates our present harbour from it to the northward. At one of these, 
namely Hemhutt, the Moravian Missionaries reside, whose predecessors, more 
than a hundred years ago, established the first colony in the country. At the 
other, Goodhaab itself, the superintendent of South Greenland (Dr. Rink) and 
the principal merchants are located. On the eastern side the little peninsula is 
united with the mainland by a series of hillocks, which gradually increase in 
height as they approach and sweep round the inner margin of our anchorage ; 
whilst along the shore-lme it is protected, by a natural rampart of gneiss-rock, 
from the waters of Baal's River and the adjacent fiord, which would otherwise 
inundate it. 

The Danish residents inform me that such a severe season has been unknown 
in Greenland for thirty years, and that the quantity of ice £ajr surpasses that 
usually met with. On the other hand, it is a remarkable circumstance that the 
quantity of drift-wood brought round with the ice from Cape Farewell is far 
below that met with in average seasons. This can only be accounted for on the 
supposition that the range of the Arctic current, as it sweeps across from Nova 
Zembla and Spitzbergen towards East Greenland, has been so far extended to 
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the southward as to overpower and deflect that portion of the stream which bears 
the drift^timber across. 

Aug. 12. — ^Whatever may be the aspect of Greenland in its winter garb, or 
under lowering skies, it is a very enjoyable place on a bright day in August 
Notwithstanding the scanty nature of the vegetation, there is quite enough 
verdure observable to soften the asperities of the landscape, whilst the brilliant 
sun and pure atmosphere impart a degree of waxmth to its colouring that is 
heightened, instead of being destroyed, by the cold whiteness of the ice-covered 
fiords. 

The quantity of ice is somewhat less today ; but it fluctuates so rapidly as it 
happens to be influenced either by the wind or tide, that it is impossible to 
foretell one hour what may be the state of the fiords the next. Yesterday the 
pack streamed in so suddenly, that a Ibj^ party of the Danish residents who had 
come round from the colony, by boat, to visit the ship, were obliged to make 
their way home in the dark, across a nule of heavy swamp. 

The temperature in the middle of the day is producmg marked effects on the 
ice. On every side the ear catches the sound of the melted drops as they trickle 
from the projecting ledges into the water. Many of the pieces seem already to 
be honey-combed, and break up when subjected to pressure by the surrounding 
masses, the immediate alteration in their centres of gravity causing them to turn 
over and set the whole of the neighbouring pieces in motion. This is probably 
the reason why disintegration, when it has once commenced, goes on so rapidly, 
and even continues for some time after the midday heat is over ; for the tem- 
perature of the air does not rise above 64° Fahr., and the water of the fiord is 
too cold to admit of the hand being plunged in it for many minutes without 
causing acute pain. 

The great depth of the fiords constitutes one of their most striking diaracter- 
istics. During my attempts to dredge, I rarely met with less than 20 fathoms 
close to the shore, whilst as the centre of the fiords was approached it ranged 
from that up to 150 fathoms. At one portion of the large bay stretching across 
from Hemhutt towards the sea the dredge was let go in 200 fathoms, and from 
that great depth brought up a number of Sea Urchins {Echinus Sphara). 

But the depth was by no means the only obstacle to the use of the dredge. 
The powerful tide, the quantities of drifting ice, and the nature of the bottom. 



DOfEBSION OF ICE-MASSES. 



31 



which seems to consist almost entirely of boulders, all tended to render it both 
tedious and hazardous; and on more than one occasion I had cause to be 
thankAil that, during my endeavours to clear the dredging-line from the large 
masses of ice that continually drifted against and fouled it, their sudden 
plunging oyer did not send my small crew and myself on a sounding expedition 
for which we were but ill prepared. 

The following method of computing the ratio of immersion and elevation of 
floating ice-masses suggested itself to me on one occasion of the line becoming 
entangled. As I am not aware that any practical plan has heretofore been 
devised for ascertaining the point, I may perhaps be permitted to illustrate it 
by a diagram. 

Suppose BD to represent a mass of floating ice ; 6, the water-line ; E, the 

bed of the sea ; AG, a grap- 
pling iron or deep-sea lead 
and line, impinging at D 
against the base of the ice- 
mass ; and A a boat or ship. 
Assuming the imaginary 
line BD to be perpendicular, 
and that we can measure the 
distance from A to B, it is 
obvious that we have two 
angles DBA and DAB, and a base-line AB, from which we can at once deduce 
the length of the side BD. But all calculation may be avoided by the simple 
expedient of moving the boat at A until the angle DAB equals 45**, — the base- 
line AB being then equal to BD, which represents the immersion of the mass. 
Lastly, the height of the portion above water being measured with an oar or 
boat-hook, the ratio may be calculated. 

Availing myself of this plan, I found that for every foot above vmter, in such 
masses as maintained nearly the same proportions above and below the sorfitce, 
there was never less than 14 feet below the water-line, and generally as much as 
16. As I have already stated, the whole of the ice met with at Goodhaab is 
precisely similar in appearance and character to that we fell in vnth at sea, and 
cannot be regarded as the freshwater ice, which is said to be much more com- 
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pact and clear in its texture, and to be heavier than the ordinary pack-ice, 
bulk for bulk, — the difference I have referred to, namely in the ratio between 
1 to 14 and 1 to 16, being, I conceive, wholly attributable to accidental dif- 
ferences in the soUd contents of the submerged and exposed portions. Thus, 
in a small berg which was stranded at the head of one of the fiords, I found the 
ratio of submergence to elevation to be only 7 to 1 ; but the cause of this 
decreased ratio was manifest, inasmuch as the portion above water rose up to 
an angular peak, whereas from the water-line, as deep as the eye could penetrate 
into the clear water, the berg retained its dimensions. As it vt^as aground close 
to the shore, I was enabled to measure the height of its summit by scrambling 
up the hill-side adjoining, and I found it to be a little above 40 feet The 
water immediately around it, as measured by a plummet, was somewhat more 
than 50 fathoms. At the period of the tide at which I inspected it, the line of 
floatation was 6 feet from the surface of the fiord. But it was parallel to it, and 
it is therefore unlikely that the berg could have been resting on a boulder or 
rock elevated above the general level of the bottom. Assuming, then, as the 
appearances warrant, that the solid contents of the 40 feet above water were 
equal to half the solid contents of a like number of feet below water, we should 
have a ratio of 1 to 15, or the mean of that established by actual measurement. 
I have alluded to the presence of boulders in the fiords adjoining the anchorage 
at Goodhaab. From the clearness and stillness of the water, it was often possible 
to observe the bottom, near the shore-line, at considerable depths ; and I was 
sorely puzzled to account for the smooth rounded look of the greater portion of 
these stones. It was evident these could not have been subject to the action of 
waves, from the depth at which they lay. There was no glacier in the vicinity 
to which their presence and figure might have been attributable. Nor did it 
seem probable that such a uniform distribution could have been effected by 
icebei^ or ordinary drift-ice which had brought them from distant localities. 
On examining the character of those occurring near low-water mark, I found it 
corresponded with the rock-formation of which the surrounding heights was 
composed. But as the same kind of formation is said to prevail along the 
greater portion of the west coast of Greenland, both to the north and south, it 
offered no satisfactory explanation as to the origin of the boulders in the present 
locality. 
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At the south-eastern angle of the large fiord to the southward of the anchorage, 
I found not only that these boulders were congregated together in unusually 
large quantity, but that they formed a sort of moraine, extending along a valley 
which ascended for about 2000 feet up the mountain. Following this valley to 
its crest, I arrived at a tarn of nearly a mile in diameter, occupying an amphi- 
theatre the whole of which, with the exception of the part next to the fiord, was 
bounded by a precipitous escarpment. The height of this could not have been 
less than 1000 feet. Its &ce seemed to be cut up into innumerable channels, as 
if by the overfiow of torrents at its upper margin ; but water was only streaming 
down a few of these, and apparently in no great volume. The margin of the 
tarn was perfectly level all round, and occupied the entire area of the amphi- 
theatre thus formed. As the water was only about a foot and a half in depth, 
and its temperature, comparatively speaking, warm firom the absence of ice, I 
waded in for some distance, and found that the bed consisted of nothing but 
an accumulation of boulders, all more or less perfectly rounded. From the 
appearance of the valley, the remains in it of enormous boulders of quartz-rock, 
some of which are 15 feet in diameter, and the polished and, in places, fur- 
rowed surfaces of the schistose rock which constitutes the bed of the valley 
itseU^ it would seem probable that this had once been occupied by a glacier, 
and that the masses of rock detached firom the escarpment on the melting 
of the snows are worn down into their present form during their transit across 
the flat bed of the tarn and ultimately carried along by the torrents to the 
fiord below. Once arrived there, and deposited in a gradual slope, the ice formed 
in the winter would bear them away and distribute them over the bottom. 

A curious corroboration of the perpetual grinding to which the boulders in 
the tarn are subject is derived fi'om the fact that not a trace of any of those 
microscopic algse, or lower animal forms, with which the surfaces of smooth 
stones are invariably encrusted, even in streams running with considerable velocity, 
could be scraped ofi* with a knife ; whereas in some small rocky pools situated on 
the slopes of the lower hills, I met not only with Confervee, but Diatoms growing 
in great profusion, and between twenty and thirty species of Desmidiacese. 

Aug. 13. — ^From in&ncy the Esquimaux is taught to regard the sea as his 
special domain, and to look to it as his great store-house for food, for clothing, 
and, in short, for everything that is absolutely essential to his existence. 

p 
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EUs kayak combines symmeiay of shape with extreme lightness and strength : 
it is formed of seal-skin stretched over a framework made partly of drift pine* 
wood and partly of whalebone. His hunting and fishing implements are con- 
structed of the same material. Every article of his dress, his tent^ the window 
of his hut, the substance which yields him light and warmth in the long Arctic 
winter, and, in a great measure, his food are products of the sea. Every particle 
of wood he uses comes from the same source. We might, therefore, naturally 
expect to find him an adept in the management of his canoe; but I was 
certainly unprepared for a feat which some of the Exquimaux performed this 
morning alongside the ship, where the partial clearing away of the ice had left 
sufficient space for them to manoeuvre. It consisted in turning a complete 
somersault sideways, kayak and all ; the occupant of the kayak swaying his 
body to and fro laterally, with the arms stretched out so as to poise the paddle 
in front of the chest, until sufficient momentum was engendered; and then 
capsizing, as it were, on one side and coming up on the other. One poor blear- 
eyed old man went through this performance at least a dozen times, receiving 
as his recompense that greatest of all luxuries to an Esquimaux, a poimd or two 
of ship's biscuit and a little tobacco. 

The oomiak, like the kayak, is formed of seal-skin, stretched over a wooden 
and whalebone framework, but, instead of being contrived to hold only one 
person, is capable of carrying from twelve to twenty. It varies in length from 
25 to 85 feet, and in breadth from 4 to 5 feet, and is invariably rowed by womeiL 
As might be supposed, boats formed of material so readily torn or pierced by ice 
or rock must be somewhat liable to accident whilst traversing the Greenland 
coasts for several hundred miles, as they constantly do. But the tendency to 
leakage is provided against in a curious and highly characteristic manner, 
namely, by constantly keeping at hand several large pieces of seal- or whale- 
blubber ; so that, the moment a rent occurs, a proportionally sized lump of this 
substance may at once be forced into the aperture. Both owing to its oily nature 
and its great elasticity, it is perhaps more admirably adapted than any other 
material that could have been hit upon to effect the required object. 

Aug. 15. — ^The ice having materially diminished in quantity, both in Baal's 
Biver and the fiords on this side of it, and our supply of coal having been taken 
on board, at 8 p.m. yesterday, the ^ BuUdog ' left the harbour in order to proceed 
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to sea. She had hardly started, however, when a thick fog rolled down from 
the heights and compelled her to drop anchor again at the head of the nearest 
fiord. At an early hour this morning she once more got under way, and, taking 
the ^ Nautilus ' in tow until clear of the islands at the entrance of Baal's Biver, 
commenced her voyage to the southward. 

During the day we passed between some extensive fields of ice, and at times 
approached close to the coast But, on arriving abreast of Frederickshaab, it 
became manifest that our chance of effectrog a passage into the harbour was as 
remote as ever. For the fourth time we found the entrance barred against us ; 
and for the fourth time the ' Bulldog ' is ploughing her way out to sea, with a 
heavy south-westerly gale blowing. 

Aug. 16. — ^The gale abated this morning; and at noon we were steering 
towards Julianshaab, a Danish settlement about midway between Frederickshaab 
and Cape Farewell, — Cape Desolation bearing south-*east, and distant about a 
hundred miles. 

The surfibce of the sea was more or less covered by extensive fields of frag- 
mentary ice in the last stage of decay. Some of these fields were two or' three 
miles in diameter, — the close ag^egation of the pieces being due, in all proba- 
bility, to the long rolling swell and calm which have set in since the gale 
moderated. My attention was arrested by the continuous crackling sound 
audible on all sides as the ship traversed these ice-fields, and which resembled 
the pattering of heavy rain-drops when fdling on sheets of metal. Being quite 
unable to account for the peculiar character of the sounds by the mere collision 
of such small masses — ^for they rarely exceeded 6 or 8 inches in thickness, 
whilst the greater number were considerably imder that size— I procured a 
budLetfiil, and, to my surprise, discovered that they were produced by the ice 
being in such a state of decay that a very slight blow sufBloed to break it up still 
frirther, and to explode the minute air-chambers in its substance. Some of the 
pieces were full of these air-chambers, besides being riddled by tubular cavities 
exactiy resembling the holes bored by Teredo^ sometimes open at either end, 
sometimes only at one, but never closed at both. The air-chambers, on the 
other hand, could be seen distinctiy in the substance of the ice as closed cavities, 
like the little air-bubbles often seen in glass. 

I conceive that the rapid disappearance of the pack-ice from the west coast 
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of Gieenland 11^ in a great measme, attributable to tbe agency emted by these 
cavities in breakmg up the BDones after the procesB of diawii^ oc, in odier woida^ 
iee-decaj has proceeded to a eertain extent. The growdi of ice, as is wdH 
known, takes place from above downwards : that is to saj, the nppaa i o st layer 
of a frozen sarfiuse is the one vdiidi was first grwpiatfd; the sane nde hdds 
good with eadi sobaeqnently finmed kyer in rdadon to diose below it again; 
so that the nndermnst kyer is neoeasarily the one last jpodnoed. 

Under the infhieficp of winds and waves, a certain q[Qantity of the atmoiy^ 
air vrith whidi sea-water is invariably dia^ged is coostandy being gifcn off again 
at the sorfiioe. llie moment a peDide of ice fixtms, it psedodes the escape of the 
air-bnbbles, and they become froxen into the ioeHBoass at a time when, from the 
reduction in tempeiatnre, they are very modi r educed in vidnme. 

In the case of icebergs the same result takes place, althoo^ in a somewhat 
different manner. Beig4ce, as is wdl known, is produced on land, and is, in 
reality, snow solidified under enormous presnne. Here, dien, Ae case is 
revened, the undermost layer being the oldest of the series. Consequently the 
air entangled in the snow-flakes, also at a time vrhen reduced in volume by odd, 
becomes more and more c omp ressed, whilst the snbstsncp vrithin vdiich it is 
imprisoned becomes more and more solidified. Now the very cause that brings 
about the decay of ice, namely, devation of temperature, produces the expansion 
of the air contained in the diambers; and thus the expansive force operates 
precisely at the moment when it has the slightest amount of resistance to over- 
come. Hence the little detonations, and the disruption of the ice-masses that 
attends them. 

The tubular cavilies proceed from the disruption of the air-cells on the 
under suribce of ice-masBCS, whenever the temperature of the water rises suffi- 
eiently to produce thaw. The air-bubble, unable to escape, continues to press 
upwards, whilst the access of the water to the interior of the chamber gradually 
eats away the vralls. A vertical tube is the result, the upper portion of which is 
occupied by the now somewhat expanded air-bubble, whilst the lovrer portion is 
filled vrith water. This boring goes on until the water vrithin the tube reaches 
the levd of the surrounding sar&oe^ but there it necessarily stops; and we can 
accordin^y account for the uniform honeycomb character so oonstantiy presented 
on one surface of ice-masses. When, by collision or force of any kind, ice is 
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broken up in a line parallel to its line of floatation, these tubes sometimes pene* 
trate through and through ; and in this state I found nearly the whole of the 
smaller pieces today. 

The occurrence of a great number of these cavities at the base of small pieces 
of ice must also tend materially to influence their submergence, and cause them 
to tilt over, should the boring action proceed more rapidly in one direction than 
another. 

I have been induced to dweU on this subject, inasmuch as the extremely rapid 
disappearance of the ice that besets the coast of Greenland for certain months of 
the year has been regarded either as wholly inexplicable, or has been attributed 
to a cause which involves an impossibility, namely, its sinking to the bottom 
en masse. From what took place during the last few days of our stay at Good- 
haab, coupled with the remarkable condition of the ice just described, there can 
hardly be a doubt that during a very brief continuance of sunshine the entire 
dissolution of majsses of ice many feet in thickness may occur in this manner. 
Of course the same kind of decay would destroy a hundred square miles of ice 
as readily as a hundred square inches. 

Towards evening land was m sight, but the weather was too thick to see it 
plainly. Much snow was, however, visible on the higher ranges ; and here and 
there along the coast, the pack could be discerned hemming it in. Our prospect 
of reaching Julianshaab tomorrow is, therefore, a poor one. 

Aug, 17. — Owing, I suppose, to the powerful north-westerly current, we are 
still well to the northward of Cape Desolation. Last night the ' Bulldog,' under 
sail only, and with a light breeze blowing, came in for some heavy bumps, one large 
mass of ice seeming intent on trying conclusions with the starboard paddle. The 
damage done was only trifling, however. We are now running down in the 
direction of Cape Farewell under steam and sail, with the wind right aft. The 
ice forms a belt commencing about three or four miles from us, and stretches 
away to the land, which is distant about forty or forty-five miles. Whilst I 
write, the ship is receiving some heavy concussions. 

Aug. 18. — ^This afternoon Cape Christian was sighted to the north-eastward, 
—the ice extending along the coast in a vast unbroken field of forty miles in 
diameter, and apparently increasing in quantity as the stream passes round 
Cape Farewell. The ' Bulldog ' is now quite dear of the pack, and has made 
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the first sounding between Greenland and the mouth of Hamilton's Inlet, in 
north lat 59^22' and west long. 45"" 54', the depth indicated being 1177 fiithoms. 

Aug. 23. — Inclusive of the soundings taken on the 18th inst., the depth has 
been ascertained fifteen times between Gape Farewell and our position at noon 
today. With the exception of the last sounding, taken at 9 a.m. in 280 fiBtthoms, 
the depths have ranged between 1150 and 2032 fEithoms, bottom having been 
brought up four times. In a distance of about seven or eight miles between 
the 280-fEithom sounding and that immediately preceding it, there is a rapid 
decrease in depth from 1190 to 280 fEithoms — being at the rate of about 700 
feet per mile, or nearly identical with the dip which occurs off the west coast of 
Ireland in the mid-Atlantic line. 

A sounding made this morning with Brooke's apparatus brought up only two 
grains of bottom, — a small stone, about half an inch in length by a third in width 
and thickness, having stuck in the valve and permitted the escape of what- 
ever other material may have occupied the cavity of the cylinder. 

Aug. 24. — On approaching Hamilton's Inlet, the coast to the north and south 
of it presented a singularly unattractive character. ^Instead of the bold rugged 
cliff-scenery of Greenland, nothing was to be seen but an unbroken succession of 
low rounded hills, with scarcely a trace of vegetation on their surfaces. This 
afternoon we passed the Esquimaux Islands, lying off the entrance to the inlet ; 
and at 6 p.m. the ^ Bulldog ' anchored at Indian Harbour. 
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CHAPTER IV. 

INDIAN HAIIB0UR.--C0A8T-F0RMATI0N.— BLUFF-HEAD COVE.— RIGOLETTE.— THE 
NAREOWS.— NORTH-WEST RIVER.--CLIMATE.— NUMBER OF SETTLERS-— MARL 
BED.— SPRINGS.— HAMILTON'S RIVER.— CULTIVATION AT NORTH-WEST RIVER. 
—BOULDERS.— EXTENT OF INLET.— NATURE OF ITS BED.— PROCEED TO SEA. 
—CAPE BRETON.— RETURN TO INDIAN HARBOUR.— SHOAL.— DEEP-SEA SOUND- 
INGS.— ICEBERGS.— ARRIVAL AT JUUANSHAAB. 

Indian Habboub is situated in a sheltered channel between the mainland and 
one of the largest of the group of islands at the mouth of the inlet. An exten- 
sive cod-fishery is carried on here during the four summer months. At present 
it is drawing to a dose, and only a few small vessels remain to complete their 
cargoes. Mr. Norman, a Newfoundland merchant, who comes to reside on 
the spot during the continuance of the fishery, informs me that the present 
has been an unusually stormy season, and that the quantity of cod taken has 
been £eu: short of the average. On the other hand, the quantity of ice met with 
on the coast has been unusually small, the long prevalence of south-easterly 
gales having tended to drive the ice close in shore, higher up the coast of 
Labrador, so as to be beyond the influence of the descending arctic current. 
He says that although a vast number of bei^ drift to the southward or grotmd 
in shoal water near the outer islands, they very rarely enter the inlet Some of 
the fishermen, however, state that whilst the larger bergs cannot pass indde, 
moderate-sized ones are to be seen, at times in considerable numbers. But as 
the place appears to be altogether deserted during winter, in consequence of the 
severity of the climate, it is somewhat difficult to make out how far these 
assertions depend on actual observation, and how £eu: on mere supposition or 

hearsay. 

The entire coast seems to be composed of a grey disintegrated granite, in 
which there is a large preponderance of felspar, with vast basaltic dykes some- 
times cuttmg the islands and hills longitudinally, sometimes constituting the 
entire mass. An island to the left of the entrance to our present anchorage 
presents a very remarkable dyke, of the kind referred to, just above and parallel 
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with high-water line. On another island, one of the loftiest in the neighhonr- 
hood, and distant from any other, the highest ridge is occnpied hy a series of 
immense boulders. How they attained this extraordinary position I am miable 
to surmise, our brief stay at Indian Harbour rendering it impossible for me to 
reach the island 

Although Hamilton's Inlet is in the same latitude as Sligo or Torkshire, the 
climate and vegetation are purely sub-arctic, and in the neighbourhood of the 
sea, at all events, there is nothing approaching to cultivation. 

WMlst dredging I found that, at a distance of a quarter of a mile from shore, 
the depth rarely exceeds 10 or 15 fiithoms, and that the bottom is wholly 
formed of uncovered rock or boulders. The shore-line itself consists of large 
rounded masses of basalt and granite, which are destitute of organic growths of 
any kind above extreme low-water mark— owing, no doubt, to the long-con- 
tinuing action of drift-ice and currents. 

The method of catching the fish is somewhat angular, and shows that, with 
all the appliances of civilization, the white man has been unable to teach the 
Esquimaux how it may be improved. As carried on here, it is predsdy similar 
to that practised by the kayakers in Greenland, — ^three hooks being attached to 
a slipper-shaped smker, about 5 inches in length, which is ^^ jigged ** up and down 
as the boat drifts along. No bait whatever is used. 

With a view to obtain some information regarding the depths of water and 
nature of bottom at this part of the inlet, I went alongside one or two of the 
boats. Although the men were catching fish as &st as they could let down 
their lines, they all corroborated the statement of Mr. Norman regarding the 
poorness of the fishery this year. Failing to elicit any hats bearing on the 
zoology of the bottom from the fishermen, it struck me it might be derived 
from the fish themselves. Accordingly I purchased forty, varying in weight 
from two to ten pounds, for the small sum of four shillings. On appealing to 
the stomachs of a few of these, I was equally unfortunate; for, with one 
exception, they were entirely empty. They appear to be hooked almost as oft;en 
by the body as by the jaws, and in two out of the forty fish I had purchased 
there were distinct cicatrices showing where they had been hooked on a previous 
occasion. As all fish under a certain weight are thrown into the water again, 
those that survive their injuries would present similar marks. 
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Aug. 25. — ^Anchored in the evening at Bluff-Head CJove, about twenty miles 
up the inlet. The naked character of the shores is already replaced by a growth 
of dwarf spruce-fir, from one to three feet in height The only resident in this 
lonely spot is a Dorsetshire man. He states that the inlet is completely frozen 
over in winter, and that his hunting-journeys are then made by sledge. His 
dogs are a breed between the true Esquimaux and the native Labrador dog. 
They are very handsome, and sociable to a degree that proves canine distrust to be 
engendered by man's presence rathe^than his absence. One of the dogs had lost 
a fore leg in an encounter with a bear, but seemed hardly to feel the loss of his 
limb. He was the leading dog of the team before the accident, and retains his 
post of honour still, — ^the absent member being replaced by a hide bag stuffed 
tightly with moss, and secured around the stump. Thus equipped, the poor 
animal performs his work, and frequently traverses from thirty to forty miles 
a day. 

The soundings taken from Indian Harbour up to this point are composed of 
granitic sand, containing scarcely a trace of organic matter, either animal or 
vegetable. The almost entire absence of any of the ordinary sea-birds was very 
remarkable at the mouth of the inlet. The condition of the rocks indicated 
that none frequented them. As we ascend frirther up the inlet, a few Ravens, 
Sea-parrots, and Dovekies show themselves ; but otherwise there is no living 
creature to be seen above water. 

Aug. 27. — ^Early this morning the 'Bulldog' steamed up the inlet, taking 
bearings and soundings along her course. The hills on either side already 
become somewhat loftier and more wooded ; but the spruce-firs seem only to 
thrive at a sufficient elevation above the shore-line to be beyond the influence of 
the salt-water spray, and are still of too stunted a growth to detract mate- 
rially from the bare and unvaried character of the scenery. 

Towards sunset several whales of small size were seen cruising about, but at 
too- great a distance to enable us to make out the species. The pilot we took on 
board lower down the inlet states that no attempt has ever been made to capture 
these animals. About the same time immense flights of Puffins kept crossing over 
from the southern towards the northern shore, where, for some distance, the land 
appears to be flat and marshy ; and it was very curious to watch the Dovekies 
rising up to the previously unruffied surface of the water as the ship approached, 
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scared to such a degree that for some moments they appeared unable to make 
up their minds from which of the two elements around them they might expect 
the greatest security. Owing to the calmness of the sur&ce, it was possible to 
see a long way ahead ; and although here and there a bird might bob up, there 
was nothing Uke the consentaneous uprising just referred to. The fact is 
worthy of record, because, although the powers of the Divers and Auks to 
remain under water for considerable periods are well known, it would almost 
appear that these little auks live as much^below water as above it, and con- 
tinue gregarious whilst diving. 

This is the first bright moonlight night we have had since we put to sea. There 
is not a cloud in the sky ; and the deep silence is broken only by the murmur of 
the tide against the sides of the ship. How different from a similar night-scene 
in the tropics, where a hundred strange noises, produced by night-roaming beasts, 
birds, and insects, would strike the ear, and impart to it a charm, the more intense 
the more unfrequented and wild the locality. 

Aug. 28. — ^At 8 a.m. we arrived at Rigolette, a very picturesque little station 
belonging to the Hudson's Bay Company, occupied at present by a couple of their 
em/ployis. It is situated in an extensive reach, bounded by granitic hiUs, clothed 
with spruce-fir and white birch. The salmon-fishery is carried on here on a lai^e 
scale, but, as already mentioned, is just over for the season. It appears that 
two large decked boats which passed us yesterday afternoon were conveying the 
salmon, and also the fiirs collected, to Indian Harbour, where they are shipped 
for their destination by the Company's Agent. 

The mosquitos are more numerous, more venomous, and larger than any 
I have ever seen elsewhere. No precaution short of tying the head up in a 
gauze bag sufiKces to protect it from their attacks ; and my gauze nets were 
accordingly in great requisition. Wherever the skin is exposed for a moment, 
a dozen mosquitos immediately settle and draw lai^ drops of blood. Their 
bloodthirstiness is only equalled by their stupidity; for whilst an Indian 
mosquito appears instinctively to know from the gesture of his victim when 
any attempt is about to be made to destroy him, and instantly retreats, these 
Labrador mosquitos go on sucking their fill, and stolidly await the blow which 
terminates their existence. 

I endeavoured to make my way through the pine-forest to a freshwater lake 
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said to be distant a mile from Rigolette ; but after walking for a mile and a 
half through a swampy sphagnum-covered clearing to the summit of a plateau 
commanding a view of the lake, I saw that at least a couple of miles still remained 
to be traversed, and accordingly returned in order to be back in time for the 
departure of the ship. 

The heat today was quite oppressive. In some mountains visible to the west^ 
ward, snow covers the summits. The Hudson's Bay officials inform me that the 
winter at this part of the inlet is by no means severe, although the temperature 
often falls as low as — 30^ Fahr. 

Some miles above Rigolette the stream suddenly contracts, and, sweeping round 
a bluff island that rises up in the centre of its channel, rushes with great velocity 
through *' The Narrows." At certain periods of the year the current at this 
portion of the inlet is said to attain a speed of from seven to eight miles an 
hour, and to prevent the formation of ice when the rest of the inlet is frozen 
over to the thickness of several feet. Not far from this point, a considerable 
branch is given off from the southern shore, which is said to extend in an easterly 
direction about fifty miles, but without forming any communication with the sea. 
This branch is called " Back Kiver." 

On emergmg from "The Narrows," we entered a large expanse of water 
stretching away to the westward as £eu: as the eye could reach, and apparently 
about twelve or fifteen miles in breadth. When we anchored for the night, 
there was still no land visible above the water-line to the westward*. 

The higher we advance up this magnificent arm of the sea, the greater is the 
distance reported to be between its eastern and western boundaries. At Indian 
Harbour we were informed that the extreme length was between ninety and a 
hundred miles. Today, at Rigolette, it is stated to be nearly 120. I mention 
the circumstance because, although it is by no means to be wondered at, that 
persons moving about from settlement to settlement should only possess a 
general knowledge of the geography of the country, one would certainly expect to 
find the bearings of such an inlet as this correctly laid down in the most modem 
maps, and it seems almost incredible that, within a few htmdred miles of our 
North American colonies and naval stations, an arm of the sea of sufficient 

* This extensive tract of water is noted in some charts as ** Melville Lake ; " but none of the settlers 
along the inlet know it by that name. The Esquimaux name of Hamilton's Inlet is Ivnktok. 
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extent to shelter the largest fleet in the world, possessing very extensive 
salmon-, cod-, and capelin-fisheries, the shores of whose tributaries are said to 
abound in timber of large size which might be floated down in rafts and shipped 
in deep water, and whose mineral resources are probably neglected solely 
because they have been undeveloped, should have remained up to the present 
day so partially explored. 

Aug. 29. — ^Arrived at North-west River, the head of Hamilton's Inlet, and the 
principal settlement of the Hudson's Bay Company in this part of Labrador. 
Towards the upper extremity of the inlet, the shores converge somewhat, and 
become gradually flatter and more closely wooded. At this point the channel 
receives the waters of " North-west " and " Hamilton's " Rivers. The former, or 
more northerly branch as its name implies, debouches into the inlet by a narrow 
channel only about eighty yards in width — the settlement being on the northern 
shore, and situated on a small tract of flat land from which the forest has been 
cleared* The opposite shore is low, and densely wooded to the water's edge, 
but none of the trees are above 30 or 35 feet in height. 

Mr. Smith, the superintendent of the district, who has resided here for many 
years, speaks in high terms of the healthiness of the climate, notwithstanding the 
great alternations of temperature. He has known the thermometer in the 
month of July to stand at 110° in the shade, and to range at night up to 90^ 
But the last was an exceptional case. During the continuance of these extreme 
heats, the mosquitos, with which the inlet swarms to a degree unknown save in 
some parts of tropical America, vanished completely. Winter commences in 
November. The chief fall of snow occurs in January, the temperature then 
ranging from —5° to —50®. In 1856 it fell to —54^ Heavy gales occur in 
October. Last year two terrific hurricanes took place, on the 8th and 26th of 
October. The first continued for two days, and blew from the north-westward. 
The second lasted only for a few hours, but was by far the most severe. It blew 
from the eastward. If I am not much mistaken, it was on or about the latter 
date that the ' Royal Charter ' was wrecked on our own shores. Rain falls very 
rarely except in August and September ; but the fall is then very heavy and con- 
tinuous. Mr. Smith states that the men complain more of the severe effects of 
the sun in spring, which blisters their faces and affects their eyes, than of the 
intense cold. They seldom wear frurs, even in the depth of winter — ^their 
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clothing consisting of stout woollen undergannents with blanket coats and 
trousers, and mocassins made of deer-skin. When out in the winter, the hunter 
carries no tent, but only a couple of blankets, his gun, and his knife. 

The skins brought to the settlement both by the Canadian and Indian hunters 
consist of the white and black bear, reindeer, a species of lynx, ermine, mink, 
sable, wolverine, and the white and black fox. The black fox-skin is by far the 
most valuable and the rarest. Only four were procured last year. Their value 
ranges from £10 to £15 on the spot, but in Europe they readily fetch from £30 
to £40. It appears that they are not in such request for the European markets 
as for the Chinese. The skins are first purchased by merchants in England. 
From thence they are sent to the great annual fair at Leipsic, and ultimately 
find their way to China, where they are greatly sought after by the mandarins. 
The skin of the carabboo * is brought in from the interior by the Ked Indians, 
but always in a tanned state. 

All skins procured by the hunters are taken at a contract price by the 
Hudson's Bay Company's agent, the proceeds being divided equally amongst the 
men of the party to which the captor belongs. The advantages of this mode of 
reward are twofold, inasmuch as it stimulates every man to work energetically, 
and induces each party of men to coerce such as are inclined to be idle. 

Salmon and salmon-trout are taken in great quantity throughout the entire 
length of Hamilton's Inlet and the rivers that flow into it. Mr. Smith states 
that the pike also occurs, and a species of shark about 4 feet in length, quite 
distinct from the dog-fish. I was unable to procure specimens, however. Cape- 
lins and cod-fish are only taken near the mouth of the inlet and along the coast. 

The total number of settlers on the shores of Hamilton's Inlet, including those 
of mixed descent, is computed at 200. Although no new colonists come out, 
the settlers are gradually on the increase. On the other hand, the Esquimaux, 
who formerly were plentiful towards the lower portion of the inlet, are slowly 
dying out. Some years ago a great number were carried off in a very brief 
period by some virulent contagious disease. Their skeletons are stiU strewed 
over the surface of an island, not far from the one mentioned as occurring near 
" The Narrows," which retains the name of Esquimaux Island in consequence. 

* This is belieyed to be a large variety of the Beindeer {C. Tarandvs) \ but, from the description 
Mr. Smith gave of it, it would almost appear that a distinct q>ecie8 was referred to. 
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We found a party of American Indians, belonging to the Cree tribe, encamped 
on the shore a little way from the settlement. The main body had left only a 
day or two before. They had come down from the interior to barter skins 
for articles of English manufacture and food, such as blankets, cloth, hardware, 
and biscuit. The value of all these is regulated by a tariff with which they have 
become familiar ; for no money transactions are carried on. In like manner 
there is a fixed value imposed on all kinds of skins. 

It is a curious fact that the Indians will, on no aocoimt, bring in the entire 
body of the carabboo deer, or indeed any portion but the skin. There is a 
superstition current amongst them, that whoever brings one of these to the 
white man will meet with dire misfortune, and that his hunting-grounds wiQ 
be destroyed. Mr. Smith informed me that although large bribes have been 
offered for specimens, they have proved unavailing, the Indians declining to 
bring in even the head or horns. He added that he had no doubt that, were he 
to order an Indian htmter to bring in a carabboo, the order would be obeyed ; 
but any subsequent mishap or loss would at once be referred to his agency, and 
the trade might thereby be very seriously injured. The Indians subsist in a 
great measure on the flesh of the carabboo ; but they leave the bones and other 
remains on the spot where they cut it up, and invariably tan the skin before 
bringing it to the settlement 

Hearing that a bed of marl and shells occurs some way up North-west River, 
I proceeded to the spot in an Indian birch-bark canoe. About 200 yards above 
the settlement the North-west River spreads out into a lai^e nearly circular 
sheet of water, about three miles in diameter. A narrow channel, similar to the 
one opposite the settlement, but of greater length and fringed with the densest 
pine-forest, succeeds this, and opens out into another large expanse of water, 
called ^' Grand Lake." This is about three miles in width, and is said to extend 
westwards for forty miles, where it terminates in a small river amongst the 
mountains. At each of the narrows there are rapids, but not of sufficient 
velocity to prevent a boat being rowed up close along the shores. At the 
spot indicated, I found a disintegrated calcareous marl, wholly made up of 
minute friable portions of a Mytilus-shell. The underlying strata were not 
visible, as the shore was densely wooded down to the water's edge, and the 
underwood had only been cleared away where the marl had been dug. The frag- 
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ments of shell have the fibrous aspect of asbestos, but crumble with the slightest 
touch. The deposit must have been derived from salt water at a period when 
this portion of the inlet was considerably lower than it is at present, and thus 
subject to the constant influx of salt water. There are no marine mollusca found 
now within many miles of the head of the inlet. In the water immediately 
adjoining the marl-bed, and down as fax as the settlement, limnseas occurred in 
great abundance, adherent to stones. The water above the settlement is perfectly 
fresh, as might be anticipated from the strength of the current. At our anchorage 
the hydrometer indicated nearly pure fresh water. And yet the tide influences 
the inlet at this distance from the sea, namely, 120 miles. In winter, I am 
informed, the amount of saUne admixture, in the vicinity of the anchorage, 
becomes very perceptible. On inquiring whether freshwater springs occur 
along the shores, my boatmen mentioned that a remarkable spring was to be 
met with about half a mile higher up. On paddling to it, I was much 
astonished to see one large and several smaller geyser-like orifices at the sandy 
bottom of the river, where the depth was about a foot and a half. Their orifices 
were weU defined, and could readily be examined, from the perfect deamess of 
the water. The orifice of the largest was 6 inches in diameter, quite circular, 
and surrounded by a cone-shaped crater of sand. Through this the water spouted 
with sufficient force to cause the jet to rise to a considerable elevation above 
the surface of the stream. The temperature was at least ten degrees below that 
of the river-water, and therefore leads to the inference that these springs take 
their origin in some of the more distant and elevated mountain-ranges. There are 
seven smaller springs, with apertures varying in diameter from 1 to 3 inches. The 
whole are distributed over an area of about 8 yards square, — ^the bottom of the 
river in their vicinity, and even the gravel-covered shore, which, to all appearance 
is perfectly firm, affording a most treacherous and somewhat dangerous footing. 
It is currently believed here that some stupendous waterfalls occur at a 
distance of about 200 miles up Hamilton's Biver. The Indian hunters are well 
aware of the existence of these falls, but speak of them with such a degree of 
superstitious awe as to account for their admission of never having approached 
within sight of them. They concur in the statement that at twenty miles, 
distance the roar of the cataract is terrific, and that, on coming within three 
miles, the vibration of the ground is so great as to give the impression of sub- 
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terranean action immediately underground. It appears, however, that some years 
ago Mr. Maclean, a gentleman in the service of the Hudson's Bay Company^ 
whilst endeavouring to reach the east coast of Labrador from the westward, 
inspected these falls. In an account published by him of his journey*, Mr. 
Maclean states that, at a distance of six miles above the cataract, the stream 
contracts in width from 600 to about 100 yards, and, after rushing along in a 
continuous foaming rapid, finally contracts to a breadth of about 50 yards, 
when it precipitates itself over the rock which forms the fialL It now continues 
its course, pent up in a precipitous zigzag gorge, for thirty miles — ^the walls of 
rock sometimes rising to a height of 300 feet on either side, and concealing the 
torrent from view till the chasm is reached. The formation is said to be syenitic. 

At North-west River, oats, barley, potatoes, cabbages, turnips, and rhubarb 
have become articles of regular produce, but as yet only in limited quantity — the 
scanty nature of the surface-soU, which is characteristic of the shores of 
this inlet, rendering cultivation of all kinds difficult, notwithstanding the high 
temperature during the summer months, and the great fskcUities of irrigation. 
Hay-making is now going on, the thermometer standing, in the shade, this 
afternoon, at 84^ Fahr. 

Aug. 30. — Leaving North-west Eiver at an early hour this morning, the 
^ Bulldog ' commenced her return voyage down the inlet, and at noon anchored 
off the bluff headland known as " Long Point," in order to survey. 

The hills in the vicinity of this headland are entirely composed of a grey 
finely striated labradorite, traversed by narrow dykes of dense black basalt At 
Northi-west River, wherever the rock formation cropped out, the same kind of 
labradorite was to be seen. The shore is here covered with a succession of large 
rounded boulders of felspathic, and also hypogene rocks not to be met with in 
the immediate neighbourhood. Some of these were as much ieis 3 feet in 
diameter, and indicate that the drift-ice, by which it is probable they were trans- 
ported to their present position, must have been of very considerable thickness. 
At North-west River I learned that in ordinary seasons the ice on the inlet 
attains a thickness of three feet. At Chator Island, on which I landed on the 
27th inst., I saw some boulders of quartzose rock, at least 5 feet in diameter. 

* * Notes of a Twenty-five years' Service on the Hudson's Bay Territory.' By J. Madean. London, 
1849. . 
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Wherever I landed along the shores of the mainland, there was a thick-inatted 
layer of sphagnum and lichen growth. At ^^ Long Point " this was almost com* 
pletely obscured here and there, where the forest did not extend, by a network 
of red and black whortleberry, wild yellow raspberry, and, on the more rocky 
sur&ces, common juniper and crowberry. The fruit of the first of these was 
so plentiful that it could be shaken off in handfuls. Both bears and ptarmigan, 
which abound in the neighbourhood, feed on it almost exclusively. Lower 
down the inlet the wild fetid currant was met with. . . 

The ' Bulldog ' proceeded on her course at 3 p.m., and, after encountering a very 
powerful current whilst rounding a headland abreast of Esquimaux Island, 
anchored for the night in Esquimaux Harbour. This current was an ascending 
one, due to the flood tide. 

The length of Hamilton's Inlet, from Indian Harbour to North-west River, is 
118 miles. At its mouth the width is nearly fifteen miles, the deepest water 
at this part being about the central portion of the five miles intervening between 
George Island and the northern shore. The bottom, as brought up by the 
sounding-machine along the navigable channel, consists of detritus of granitic, 
basaltic, and felspathic rock, with an extremely small sprinkling, . as fiur up as 
^' Bluff Head Cove," of the lower animal and vegetable forms. From that point 
up to North-west River, it consists of a coarse felspathic and quartzose sand, 
without any organic structures whatever. Near the sea the bottom is . coarsely 
muddy ; but the finer particles gradually disappear, and at the head of the inlet 
the quantity of mud is inappreciable, the bottom consisting entirely of clear sand. 
Wherever I dredged near the anchorages in shallow water fringing the shore, 
I found AlgoB^ ConfervcB^ and the more minute forms of animal and vegetable life 
abundantly represented, and large quantities of fine mud. The very marked 
paucity, and in some places total absence, of minute organic forms, fine mud, or 
debris of the larger organisms, clearly points to the current being of sufficient 
velocity to wash out the central channel, as it were, and convey the particles thus 
acquired far out to sea. 

Sept. 16. — On the 31st ult. the 'Bulldog,* having completed the survey of 
Hamilton's Inlet, proceeded to sea and sounded, in a north-easterly direction, as 
high as lat 56° 2' N., long. 54° 3' W. The course was now altered, and, steering 
to the southward, she passed through the Straits of Belle Isle on the 3rd inst., and 
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arrived an the morning of the 6th at Sydney Harbour, Cape Breton. Having conv- 
pleted coaling, the ship started on her return voyage on the 12th inst, and, takiiag 
an inner line of soundings, cotnmencing in lat. 52^ 44' N. parallel with the south- 
eastern coast of Labrador, this evening once more came to anchor at Indian 
Harbour. 

Leaving Indian Harbour on the 17th September, soundings were taken from the 
entrance of the inlet, in a northerly direction, along the 57th d^;ree of latitude, 
as far as 55^ 33' N. At this point a sudden increase of depth occurs, from 148 to 
950 fathoms in a distance of seven miles ; being at the rate of 687 feet per mile, 
or somewhat less than the Valencia dip. These several lines of soundings prove 
that a idioal extends north and south of Hamilton's Iidet for three degrees of 
latitude, and for a distance of at least a hundred miles in an easterly direction 
from its entrance. Hence this shoal would appear to be a continuation of the 
one referred to by Sir J. C. Ross* as occurring off Labrador, in lat 57^ 30' N., 
and stated by that distinguished arctic navigator to stretch parallel with the 
coast for a considerable distance both north and south of the latitude of Okak, 
a Moravian settlement to the southward of Cape Mugford. Sir James Ross 
mentions that the depth of water in that neighbourhood is 60 &thoms, and that 
the shoal is. marked by the line of icebergs which were grounded on it on both 
the occasions on which he crossed it In approaching the coast and in our pas- 
sage outwards from it, icebei^ were seen, but not in any great numbers. To 
the southward of Labrador, the soundings, both as regards depth of water and 
nature of bottom, would seem to indicate that this shoal is continuous with the 
great bank of Newfoundland ; and whilst the material that forms it northward 
of the 53rd degree of latitude is derived from the vast outpourings of Hamilton's 
Inlet and the rivers that flow into its western extremity, the more southerly 
portion, namely, that which extends from the 53rd degree of latitude to the 
most southern limit of the Newfoundland shoal, is derived partly from the same 
source and partly from the outpourings of the Gulf of St Lawrence. 

But although, as I have already stated, there is every reason to believe the 
shoal referred to by Sir James Boss, as stretching north and south of latitude 
57^ 30^ N., is continuous with the shoal determined by the ^ Bulldog ' soundings, 
inasmuch as there is nothing known of the coast-formation or the course o£ 

* < Parliamentaiy Report to inquire into the ConBtmction of Telegraph-Cables/ p. 188, 1861. 
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the arctic drift which could suggest the probability of an intermediate deep 
channel, it must be borne in mind that the depth between lat. 55^ 30' N. 
and 57^ 10' N. (that is, allowing the southward extension from the latitude of 
Okak as determined by Sir J. Ross's evidence) remains to be ascertained, and that 
a deep channel may exist in this interyal. But as the two deep soundings recorded 
by the * Bulldog ' occur near the 57th degree of latitude, wA the coast-line falls 
back to the north-westward, in the direction of Okak, it is probable that the 
shoal-water margin ranges in a similar direction, and, accordingly, that the two 
soundings in 950 and 1190 fathoms were to the eastward of it. 

Sept. 29. — Julianshaab. A continuance of bad weather and several heavy 
gales have protracted to thirteen days a voyage which could easily have 
been performed in two ; and hence the ' Bulldog ' only succeeded in reaching 
Julianshaab this evening. Since we deviated, on the 17th inst., from the shoal 
in the 57th degree of west longitude, three soundings have been taken — the first 
in 1938 fathoms, the second in 2000 fathoms, and the third in 1912 fathoms, 
bottom being brought up twice. 

Yesterday, during a severe gale, a swallow (Hirundo tufas) was blown on 
board and caught. From the direction of the wind, it is probable that the bird 
must have come from the Labrador coast, the nearest point of which is distant 
540 miles. On being brought down to the ward-room, it seemed to relish the 
warmth and rest, and did not hesitate to perch on the finger held out to it. 
Under the influence of extreme cold, fiitigue, and hunger, all instinctive fear 
seemed to be eclipsed ; and on being left alone after a while, the poor little 
animal ensconced itself under the globe of a lighted moderator-lamp. Putting its 
head beneath its wing, it soon fell asleep, dreaming perhaps of green fields 
and summer skies it was never more destined to enjoy on this side the Styx. 

Today we passed through a vast quantity of drift and berg-ice, and, at a 
distance of about thirty miles from the coast, fell in with a much larger number of 
bei^ than we had previously seen congregated together. At one time I counted 
upwards of eighty, many of which were of very large dimensions. Owing to 
the sea being so thickly covered, the water was perfectly calm, and the ^ Bulldog ' 
threaded her way through the icy labyrinth with perfect ease and safety. About 
sunset we made the long rocky spit which bounds the southern angle of the 
entrance to Julianshaab Fiord, and in an hour more reached the anchorage. 

h2 
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CHAPTER V. 

/rLLUniHAAB.-ffieVEBITr OF 8EAS05.— 0£D flCASDETAYIAS ]in5&.-«E5EKT OF 
FIORD.— DEPAfiTUBE FB0M JUIXAXSHAABL — KX.— GALESu— BBSBT. — BBCAFB 
FBOK FACHL— TERRIFIC HTBSICASE.— UGLT BEB6.r-B0ULDKR ASD DKCRI- 
TTS-IADEIT BERG&— CAUSES OF TSEIR RARUr.— THEIR FRSQUE^CT DT 
HIGH ABCnC LATTTUBBB.— DTERTIA OF MABESES OF FACK-ICR.— TALLEST 
BASE A MODERS^ DRIFr'BED.-SrB6LACIAL TALLET&— THEIR If ODE OF FOlU 
MATI05.r-CATER3r*R£]CADr&r-EFFECl» OF TIUIXO OF BEB6&— SOUSDDTGa. 
—SUBMERGED LA5D.— A MESSAGE FROM THE DEEP SEA-BED^THE GREHA- 
DIER'S CAP.^'—REKUTIK.— CLOSE OF THE CRUISE. 

Oa. 1.— 'Jnliaashaab is ntaated in lat 60^ 43' north, long. 46^ V west, at the 
head of a small dieltered bay whidi bnmdies off firom the Igaliko, or, as it is 
sometimes called, the Jnlianshaab fiord. It is one of the most important settle- 
ments on the south coast, and constitutes the d^t whence the oil and furs col- 
lected in the adjacent district are annnally shipped for Gopmhagen. 

Altiioo^ but a month and a half have elapsed since the expedition left 
Goodhaab for Labrador, the change in the temperatore of the air and the 
general aspect of the country is very marked. Already snow fiedls daily, and the 
snrfieu^ of the fiords is covered every morning with a thin layer of ice. The 
Danish residents fully corroborate the statements made at Groodhaab regarding 
the almost unprecedented severity of the season, and contrast it with the equally 
unprecedented mildness of the last. They ioform me that, although during 
average seasons the belt of drift-ice effectually bars the ingress of vessels 
approaching from the sea until the middle of July or beginning of August, there 
is genendly suflicient clear water close in shore to admit of communication by 
boat between the various settlements along the coast This year such communi- 
cation has been almost wholly suspended, and, up to the present date, the 
Danish vessel which usually arrives with the annual supplies for the colony about 
the period mentioned is still due. 

A peculiar interest attaches to this portion of Greenland from the presence of 
some old Scandinavian ruins which are supposed to be those of the '^ East Bygd." 
Those at the upper extremity of the Igaliko Fiord are the most extensive, and, 
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according to a current tradition, mark the spot where the last remnant of the 
adventorous Norsemen who colonized the country between the 9th and 14th 
centuries were treacherously massacred by the Skrselings. 

Oct. 2. — ^Today I accompanied Sir Leopold M^Clintock in a boat^xpedition 
to examine the ruins, about fourteen miles distant, at the head of the fiord. The 
weather could hardly have been more unpropitious, inasmuch as snow fell with- 
out intermission, and both in going and returning we had to make way against 
strong head winds. This circumstance, no doubt, imparted a more sombre 
character to the fiord than it would otherwise have exhibited ; yet I doubt 
whether, under the most favourable conditions as to season and weather, a scene 
in which there is such an absence of variety, and such vast proportions are asso- 
ciated with desolation so palpable, could be viewed without engendering a sense 
of profound gloom. This remark applies, however, only to the portions of the 
fiord between the settlement and its eastern terminus. In the vicinity of the 
ruins the scenery appeared beautiful, notwithstanding the disadvantages under 
which it was seen. There the channel, instead of being overshadowed on one 
side or the other by stupendous precipices, inaccessible save to the sea-gull, 
spreads out into a broad lake-like expanse, with a gently sloping shore stretching 
back for nearly half a mile from the water s edge, and then terminating 
at the base of the mountain-range which protects it to the north-eastward. On 
this slope the ruins alluded to are situated *. 

Oct. 6. — ^At daybreak on the morning of the 3rd the * Bulldog ' left Julians- 
haab, and slowly made her way through a dense body of ice which had drifted 
up with the westerly wind since the previous afternoon and nearly closed the 
channel. On getting out to sea the quantity of ice, both berg and pack, was 
found to be much greater than it had been at any previous period since we 
reached the coast ; and in forcing a passage into clear water the ship received a 
number of very severe collisions. In one of these, which made every timber 
vibrate from stem to stem, a large piece of the cutwater, about 2 feet square, 
was carried away. The paddle-floats, as might be expected, also met with 

* For a detailed acoount of these ruiuB, and information regarding the East and West Bygds, the 
reader is referred to Captain Ghraah's < Narrative of an Expedition to the East Coast of Greenland,' 
and the < Historical Monnments of Greenland,' published by the Boyal Society of Northern Anti- 
quaries. 
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serious injuries. At 6 f.k. the ship emeiged from the edge of the pack ; but 
shortly afterwards she was again suddenly beset, and it became necessary to lie 
to for the night During the latter portion of the night it blew hard, and snow 
b^;an to fall in great quantity. Yesterday morning the decks and rigging were 
covered with a deep layer of snow and ice, which rapidly accumulated although 
removed at short intervals. The masses of pack-ice were of immense size, some 
of them rising out of the water nearly on a level with the bulwarks, and 
measuring from 50 to 60 yards in diameter. During the greater part of the 
morning snow fell so thickly as to obscure objects at twenty yards distance, and 
all attempts at clearing the ice were fruitless till about noon, when the ship once 
more found herself in open water. 

Oct. 10. — ^During the whole of the 7th and 8th we experienced heavy gales off 
Gape Farewell. On the afternoon of the last-named date, the 'Bulldog* 
approached within five or six miles of the coast, in the vicinity of Prince Christian 
Sound, without meeting with any ice-pack. The mountain-ranges at this point 
seem to extend down to the sea, forming a series of lofty and precipitous escarp- 
ments, with intervening fiords and outlying islands. A sounding, taken at the 
above distance from the coast, showed the depth to be 94 fathoms. A second 
sounding, taken in the evening, at thirty miles distance, gave 205 fathoms. As 
night closed in, the gale steadily increased in violence, and, the wind having veered 
round from north to north-east, whilst our position vi^as still &r too dose to the 
southern portion of Greenland to be safe from the dangers of a lee shore, things 
certainly looked far from promising. From an early hour yesterday morning it 
blew a terrific hurricane. Not a man in the gallant ship's crew, from the com- 
mander downwards, had ever encountered one more severe. To describe it is 
impossible ; for sea and sky were alike obscured by the sheet of seething foam, 
within which they met in a deadly struggle for mastery. Every moment gigantic 
waves swept over the ship, as if bent on engulfing her. Everything hoisted in 
the shape of canvas was blown to tatters. Even the massive engines of the 
^Bulldog' were utterly powerless against such a turmoil. Boats, bulwarks, 
paddle-boxes, bowsprit, and jib-boom, sponson-fiooring — ^the latter formed of 
9-inch beams — and tiller-head were more or less shattered to pieces or altogether 
carried away. The ship laboured terribly, her immense timbers and bulkheads 
working as if they^ were going to open outright. Only one sound was to be 
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heard ; and tiiat was the nsJi of waters and the mad howl of the tempest. It 
was indeed a sublime sight, and well worth witnessing ; but, as there is little fear 
of such a scene fsuling^ from the memory, I candidly confess, to see it once in a 
lifetime is sufficient for all purposes. 

Towards evening the rough edge appeared to have been taken off the gale ; 
but nevertheless it continued during the night to blow furiously.' This morning 
the glass has risen a trifle, and the storm moderated, but there is still plenty of 
room for improvement. 

Oct. 11. — ^Another hand at the bellows, and from an opposite quarter. 
During the night the gale continued much as before. The rain which fell had 
taken the sea down somewhat. But after 11 p.m. the glass again fell, and it was 
evident the partial lull was only intended as a prelude to a renewed outburst 
By 8 A.M. today it commenced to blow fiercely from the westward ; and although 
the recent north-easterly hurricane had stiU left a tremendous swell, this was 
rapidly overcome, and succeeded by another from the opposite point of the 
compass. 

About an hour ago the engines had to be disconnected, in order, I believe, to 
effect some repair ; and no sooner had this operation been performed than we 
found ourselves within a short distance of a large iceberg. The ship's head 
refrised to ^^ pay off;" that is, the effect of the vnnd on her broadside and immense 
paddle-boxes was so great in proportion to the power of such sail as it was 
possible to set, *that it occupied nearly half an hour to get her head round, and 
thus gain the leeward side of the only really ugly berg I have seen since we 
came to Oreenland. 

At a rough estimate, I should say the berg must have be^i about 80 feet in 
height above the main sea-level, and 100 feet in length. Against this mass of ice 
the mightiest waves hurled headlong without producing the faintest trace of 
oscillation ; whilst in an instant afterwards they might be seen borne away to 
leeward, 100 feet at least higher than its summit, as scattered mists annihilated 
by their own wdld vehemence. 

It is remarkable that, amongst the numerous icebei^ met vidth in deep water 
since our first arrival on the Greenland coast, I have only observed seventeen 
that have presented distinct traces of gravel, stones, or detritus from the bottom. 
For a time I was perplexed how to account for this, inasmuch as in higher lati- 
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tudes examples of the kind are known to be £requent. But the comparatiyely 
small number of bergs which afforded evidence of their having been reversed or 
tilted over on their sides suggests an explanation, namely, that so long as icebergs 
are afloat, the great preponderance in bulk of the submerged portion in the 
generality of cases renders the effects of wasting above water, or the force exer* 
cised by winds* and waves even when at a Tnn-giTniim^ powerless in disturbing 
their centres of gravity. Although soundings taken both on the east and west 
coasts of Gfreenland clearly indicate that, for distances varying from five to thirty 
miles from the shore-line, the depth is sufficiently moderate to admit of the 
grounding of the larger bergs, there cannot be a doubt that the percentage of 
bei^ thus arrested in their transit is so trifling in comparison with those that 
drift up to the head of Baffin's Bay as to render the cases exceptional. Again, 
those cases are still more exceptional in which, when large bei^ take the 
ground, they are subjected to impact of bergs equalling or nearly equalling them 
in dimensions. In the first place, the number, although very great in this part 
of the ocean, is insignificant in relation to the area over which they are distri- 
buted ; and in the second, the very nature of the current by which they are 
borne onwards renders such an occurrence extremely rare, since disparity in the 
rates of progression of different bergs can only result from disparity in their 
masses and consequent extent of immersion. In other words, the smaller the 
berg, the more rapidly would it drift ; and hence in the event of a berg overtaking 
another, and coming into collision with it, the one most likely to be overturned 
or crushed would be the smaller, and not the laiger of the two. 

In the event of a continuous field of pack-ice being drifted against stranded 
bergs, the accumulative force would suffice to overturn or even crush the largest 
met with in these latitudes. Such an event, in all probability, occurred in the 
case of the grounded berg alluded to by me as having been seen on the evening 
of the 31st of July ; and I therefore doubly regret that an untoward accident of 
weather prevented us from witnessing a collision the effects of which must have 
been so stupendous. Although I was unable to obtain information with regard 
to the characters of the bergs met with beyond the immediate coast-line from our 
Danish friends at Ooodhaab and Julianshaab, the opinion I have expressed, 
regarding the extreme rarity of examples in which drift or detritus is observable, 
is frdly borne out by Mr. Tayler, an English gentleman who has resided in 
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South Greenland for seven years, and has had many opporttinities of arriving at 
a correct knowledge on the subject. He has informed me that not one berg in 
a thousand of those which drift along the coast presents the appearances in 
question. To this statement I would append the inference I draw from it, 
namely, that not one berg in a thousand of those met with below the 64th degree 
of latitude on the western side of Greenland comes under the influence of those 
forces which are necessary to alter its centre of gravity to any material extent. 
I am far from asserting that, where boulders or detritus occur, the surface 
occupied by them necessarily represents the original base of the mass before it 
was projected from its parent glacier; but, judging from the appearance of 
the greater number of large bergs, I think it may be accepted as true that the 
direction of their upper and under surfaces has not been altered since they consti- 
tuted part and parcel of the glacier, and that the presence of foreign matters, 
such as stones and gravel, in most cases is due to their having grounded after 
being detached, and floating away again only when reduced sufficiently in bulk, by 
the temperature present, both above and below water. It is also well known that 
bergs may receive deposits or even boulders whilst afloat by coming into contact 
with overhanging rock-surfaces ; but these examples are obviously too exceptional 
and rare to affect the present question. 

I have already noticed how constantly the submerged portion of bergs 
spreads in a lateral direction, thereby augmenting the firmness of their bases ; 
and coupling all these facts together, I think it becomes evident we must look 
for the force capable of coping with masses of matter of such immense volume 
in that crowding together of bergs which only takes place in higher latitudes, 
precisely in the same manner that the masses of ordinary pack-ice are crushed 
and turned over in every possible way by masses of equal proportions with 
themselves when closely pressed together in drifting fields. In the case of a berg 
drifting along in shoal water, this extraordinary force is not necessary to 
produce the result, inasmuch as the momentum of the mass itself, or the leverage 
exercised by winds or currents, would suffice to tilt it over on its becoming 
stranded. There is ample proof of this process taking place, inasmuch as in 
shallow water bergs may frequently be seen laden with gravel or detritus, 
and exhibiting distinct evidence of having been reversed or tilted over. On the 
other hand, nothing can demonstrate more conclusively the insignificance of the 
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forces in operation above water as comp&red with these ice-masses, so long as 
they continue afloat, than the majestic immobility of the berg seen on the 
11th of October diiring the continuance of one of the severest gales we have 
encountered in these waters. 

In illustration of the enormous force requisite to move a mass of pack-ice even 
of moderate dimensions, I would mention that on one occasion, in the vicinity of 
Frederickshaab, the port paddle came into collision with a piece the superficial 
diameter of which was about 70 or 80 feet, whilst its average height above water 
was about 3^ feet, and that, instead of the ship causing the mass of ice to 
oscillate, the paddle actually mounted on the ice-surfSetce, and caused the ship 
to heel over untU it again became disengaged. 

The solitary instance in which I observed evidence of large masses of rock or 
boulder having been impacted in a berg also occurred during one of our attempts 
to approach Frederickshaab. This berg was probably about 120 feet in height, 
and from 300 to 400 feet in length. About 20 feet above the water-line two 
large cavern-like apertures existed, the inner sur£su;es of which retained the mud 
and detritus left behind on the disengagement of the boulders that originally 
occupied them. Several small stones stiU remained imbedded ; and around them 
were to be seen smaller cavities, precisely resembling the two first described. 
Indeed, I should never have suspected that boulders had lodged in the larger 
cavities, but for the similarity in character between them and the smaller empty 
ones. I infer that the larger could not have materially increased in diameter by 
the process of thawing or wave-washing, solely from the presence of the detritus, 
which in that case would have disappeared. 

At Goodhaab I repeatedly came across small bergs in the fiords, laden with 
mud and detritus, and sometimes carrying imbedded stones of moderate size. 
One of these I was induced to examine more closely than perhaps I should 
otherwise have done, having ^^ stalked " what I conceived to be a large black 
bird perched halfr^ay up on its face, and on close approach discovered it to be 
one of these impacted boulders, about a foot in diameter. 

The large shoal called the ^' Tallert Bank," to which I have drawn attention in 
a former page as being composed of detritus bronght down from the interior of 
the land by a river debouching under the great ice-blink, affords an example of 
the conditions under which the smaller class of bergs receive detritus. That 



8T7BGIACIAL VALLEYS. 69 

bank, which is a drift-bed now in process of formation, would in all pro- 
bability present every condition, both as regards mineralogical composition and 
the character of its organic remains, that occurs in the ancient drift-beds of the 
Post-pliocene period. 

Whilst at Julianshaab, I was informed by Mr. Hoyer, the Assistant Super- 
intendent of the colony, who has explored the so-called continental ice of South 
Greenland for a considerable distance into the interior, that crevasses are occar 
sionally to be met with, of no great width, but whose depth is so great that a 
fragment of ice dropped into them can be heard to reach the bottom after 
the lapse of a very considerable interval ; whilst in some places the sound of 
running water and cascades at great depths can be distinctly recognized. The 
Esquimaux assert that, during the most severe period of the winter, the reindeer 
flock together in herds wnder the hollow portions of the continental ice, and that 
they actually find food, such as lichens, in these vast ice-vaulted wildernesses 
when none is attainable elsewhere. Without pretending to deal with the proofs 
that are required before such a statement can be accepted as a fact, I must say 
I am unable to adduce any weighty reasons why it should not be so ; whilst, on 
the other hand, sundry plausible arguments could be brought forward which 
tend to show not only that such sub^lacial tracts mayy but in all probability do 
exist. 

In the event of a glacier forming in a valley traversed by a shallow stream 
during the warmer months, the first effect of the influx of a much augmented 
volume of water at a temperature considerably above freezing-point would be to 
produce a series of arched passages, which would subsequently increase in vertical 
dimensions in consequence of the obstructed outflow keeping them filled, and 
thus subject to a protracted thawing action. On the recurrence of winter, the 
onward progress of the glacier would more or less completely block up the out- 
let, without obliterating the previously formed subglacial channel. On the 
return of summer, the now enlarged channel would at once be filled up with 
water of sufficiently high temperature to extend its boundary walls still frirther, 
— ^these two operations being repeated indefinitely through a lapse of centuries, 
and eventually resulting in the subglacial tract referred to. Under the same 
circumstances the waters flowing down into this tract would convey and deposit 
the spores of lichens, and possibly the seeds of phanerogamic plants, which, on 

i2 
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the recession of the water at the close of the warm season, might germinate and 
gradually spread themselves. 

Supposing the above theory to be admissible, it would throw some light on the 
cave deposits and remains. In the event of herds of animals, such as reindeer, 
congregating together in these subgladal valleys, should their egress be prevented 
by the collapse of portions of the glacier, or the sudden irruption of floods, they 
would be swept away with the current, and their remains imbedded in the 
drifb-bed, such as escaped into the more elevated crevices and caves (which 
are nowhere more abundant than in the rock formation of South Greenland) 
d3^g there, and being after a time covered over with detritus. 

Where the Ruminants had penetrated, the indigenous Camivora would follow, 
and thus the remains of both orders might become mixed up in the same localities ; 
whilst the drift-beds formed at the mouths of the valleys would become the 
receptacle for the remains of the entire local &una of the period, terrestrial as 
weU as marine. 

Lastly, this view would tend to show that the deep furrows which occur on 
the upper surface of the ancient drift-beds and are generally found filled up with 
a muddy deposit, had been formed by the transit of ice-bergs, the traces of 
previously formed furrows having become obliterated by the gradual subsidence 
of gravel in Ueu of the lighter mud origmally occupying them. 

Before closing my observations on icebeigs, I would allude to an occurrence 
which, although at first sight paradoxical, admits of a very simple explanation. 
It must have fallen under notice again and again ; but as it bears materially on 
the safety of submerged telegraphic cables, and has not been taken into consi- 
deration in connexion with that subject, I may be permitted to illustrate it. I 
allude to the case of bergs which require deeper water for their flotation, after 
being diminished in bulk by the breaking away of a portion, than they did pre- 
viously, and the consequent possibility of their grounding and inflicting injury 
on a cable after having floated innocuously over the spur or shoal which is sup- 
posed to divert all bergs of sufficient volume to ground within the barrier. The 
subjoined woodcut represents an appearance I have repeatedly met with in bergs, 
both out at sea and in the fiords. The height of the example under notice was 
about 40 feet, its length being about 100 feet 

The shaded portion of fig. 1 shows the berg as seen above the water-level 
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^ ^9 — one half of the original line of flotation a a being visible, the other half 
being submerged. The dotted outline gives an ideal view of the portion below 
water, the submerged half of the original line of flotation being shown, and the 
base of the berg ef. Fig. 2 gives an ideal view of the same as it appeared before 
the separation of the mass d, B B being the bed of the fiord. 



Kg.l. 



Fig. 2. 




There are evidentiy but two modes in which the horizontal line, a a, could have 
been tilted up as seen in fig. 1 ; that is, either by the addition of a mass in the 
direction of /, or by the separation of a mass in the direction of e. Either of 
these causes might produce the result. In the case of floating pieces of ice, how- 
ever, the latter would be the more likely occurrence ; and in the example under 
notice, it was quite manifest, from the appearance of the surface, that a large mass 
had recently been detached at d. Such a mass, although materially adding to 
the cubical contents of the berg, would have the eflect of distributing the weight 
equally round the centre of gravity, and of sustaining the portion at fat a higher 
level by acting as a counterpoise, as shovm in fig. 2. On the other hand, it is 
evident that the separation of such a mass as d would at once throw the centre 
of gravity further towards fj and thus cause it to assume a deeper level, as in 

fig. 1. 

Although these diagrams represent an imaginary case, in so far as the portion 
below water is concerned, there cannot be a doubt of the fact which they are 
intended to demonstrate, namely, that it is an error to assume that because a 
mass of ice drifts along in a given depth of water without toudiing the bottom, 
it may not, by such a process as has just been described, tilt over and immediately 
ground. It is obvious, therefore, that the mere circumstance of a fiord being 
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furnished with rocky spurs projecting into the sea at its entrance, or having a bar 
across its mouth upon which the depth of water is less than in the channel of 
the fiord itself, constitutes no protection to a tel^raphic cable submerged along 
it, and that there is but one set of conditions which can be accepted as affording 
unquestionable security, namely, that furnished by a channel sufficiently deep 
to prevent the possibility of the largest bergs grounding under any circumstances 
whatever, and extending from deep water out at sea to the extreme verge of the 
terminus at which it is intended to land the cable. Instead of the grounding of 
bergs at a given distance from a coast-line affording this security, it proves the 
liability to the entrance of these masses wheresoever they can find a channel 
and atmospheric and tidal influences come into operation. Some channels are 
no doubt less liable than others to the entry of bergs, either on account of 
their direction with regard to prevailing winds and currents or their tortuousness ; 
but the first obstacle must necessarily be regarded as uncertain in its results, whilst 
the rock or shore formation which invariably accompanies the second renders 
great fluctuations in the depths inevitable. In the case of channels through 
which the discharge of water from the land is so great as to oppose the entry of 
bergs, it is aknost needless to say the action of boulders and abrading surfaces 
would only alter the kind of danger, without diminishing it 

On reference to the Map, it vnll be seen that, up to the period of our departure 
from Julianshaab, one line of soundings, divided into three sections with refer- 
ence to the countries visited, has been completed, namely, from the Faroe 
Islands to Iceland, from Iceland to the east coast of Greenland, and from the 
south-western portion of Greenland to Hamilton's Inlet in Labrador, the last 
section having been re-traversed on the return voyage of the ' Bulldog.' Since 
our last approach to Greenland in the vicinity of Christian Sound, a fresh line 
has been entered on, stretching direct from Cape Farewell to Rockall. Since 
the 8th instant, four soundings have been taken, two of which present most 
interesting results, although in one of these only was material brought up from 
the bottom in sufficient quantity to indicate more than the fact of its having been 
reached by the sounding-machine. 

In the first of these four soundings, which veas taken in lat. 59^ 48' N., 
long. 37"" W., the depth (1620 fathoms) is remarkable as showing a decrease 
of 336 fathoms in comparison with that of a sounding taken during the outward 
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Toyage firom Iceland to the east coast of Greenland, in nearly the same meridian, 
but in lat 6r 57' N. The second sounding, in lat. 59^ 47' N., long. 32^ 43' W., 
indicated a depth of 1168 fathoms, or a still greater decrease as compared with 
the depth of a sounding taken three degrees to the northward, the difference 
amounting to 404 fathoms. The third sounding, taken in lat 59° 39' N.9 
long, 29° 38' W., gave a depth of 748 &thoms only, or, as compared with a 
point four degrees to the northward and nearly in the same meridian of longi- 
tude, a decrease of 338 &thoms, — ^these three soundings jointly indicating that 
along a tract extending firom the 29th to the 37th degree of west longitude, in 
the two lines separated by a mean interval of about three degrees of latitude, 
the more southerly line shows a mean decrease in depth of 360 fathoms. 

The discovery of a plateau partially raised above the surrounding level of the 
searbed, when considered by itself^ might naturally be regarded as an isolated &ct 
of little import, and not necessarily dependent on any extraordinary convulsions 
of the earth's surface ; but it assumes a very different aspect when viewed in 
connexion with historic records, which declare that dry land, or, at all events, 
land so partially submei^ed as to be a source of danger to navigators, actually 
existed several centuries ago in the locality referred to; and hence it would 
almost countenance the supposition that, at a still more remote period, this tract 
may have constituted one of the successive stepping-stones by which North- 
western Europe and the North American continent were united. 

Although it is impossible to say how far the volcanic action, of which Iceland 
now constitutes the centre, may have extended in a southerly direction during 
past ages, when we take into consideration the distances to which such agencies 
have actually been known to extend, the occurrence within little more than half 
a century of volcanic action and land-subsidence considerably to the southward 
of Iceland, the line of this action as shown by the geological formation of Iceland 
itself, and the outlying centres of the recent convulsions alluded to, and, lastly, 
the drift of volcanic particles in a southerly and south-westerly direction, it seems 
&r firom improbable that the subsidence of the tract under notice may have 
resulted firom similar agencies. 

In some of the old charts, a dangerous reef or shoal, fi-equently referred to by 
the navigators of those days as the " sunken land of Buss," is laid down in 
lat 57° 30' N., long. 29° 50' W, In a finely executed French chart, dated 
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Paris, 1777, by M. Heurieu, this position is assigned to it ; and in the same chait 
we find another shoal put down considerably to the eastward, namely, in lat. 
59° 30' N., long. 16° 50' W., that is to say, about fifty or sixty miles from the 
north-western portion of the Rockall Shoal. Captain Sir J. Ross* alludes to 
both these shoals in the narrative of his voyage in 1818. He writes, " We came, 
" on the 8th of May, to a spot where a bank is laid down in Steel's chart as dis- 
" covered by Olof Kramer '* (lat. 59° 28', long. 17° 22'); "but we could find no 
'« soundings in 130 fathoms, anywhere on or near the place." And again, ^' At 
" noon we found ourselves exactly in the latitude of the sunken land of Buss, as 
'^ it is laid down in some charts, namely, 57° 28' N. ; and being desirous of deter- 
" mining whether such a bank really existed in long. 29° 45', we altered our 
"course for the purpose of ascertaining the iacV "At sunset, being near the 
" spot, shortened sail and hove to, in order to sound ; but no bottom was found 
" in 180 fathoms. Our sounding was repeated every four miles, with no better 



" success." 



In Captam Graah's narrative of a voyage to Greenland in 1828f , he says, 
" On the 25th we passed what is laid down in the charts under the name of the 
" Sunken-land-van-Buss — a danger made mention of even in the latest English 
" Sailing Directions, but which mariners may be now assured is altogether an 
" imaginary one. It is, by the way, remarkable enough, that precisely wh^e the 
" Sunken-land-van-Buss is thus laid down, the ancient charts place Frisland, Ihat 
" mysterious land which geographers have been so puzzled where to look for, 
"and which but very lately has been ascertained to be no other than the 
" Faroe Islands. This very erroneous location of Frisland serves, in my opinion, 
" to prove that Zeno (the Venetian navigator of the 14th century) was fiu: from 
"having that intimate and accurate knowledge of our Northern Seas which 
" many give him credit for." 

In the appendix to the same work, reference is made to " Ivar Bardsen's " 
Sailing Directions for navigating between Iceland and Greenland, which describe 
some rocks under the name of " Ghmbiom Skerries " as situated to the south- 

* Voyage of Diaoovery made in H.M.S. * Isabella and Alexander/ for the purpose of exploring 
Baffin's Bay, &c, by Sir John Ross, Capt. R.N. London, 1819, pp. 11 and 14. 

t Nairatiye of an Expedition to the East Coast of Greenland, by Captain Oraah, Boyal Danish 
Navy. Translated from the Danish. London, 1837, p. 20. 
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westward, exactly midway between Iceland and Ghreenland, and recommend that 
a particular course should be steered in order to avoid the ice that had drifted 
down and '^ set itself fast " to these skerries. From what is above quoted, it will 
however be evident that Captain Graah discredited the existence of these skerries. 
Mention is also made of land in this locality in Crantz's ^ History of Green* 
land*.' In speaking of Sebastian Cabot as having been the first to penetrate 
into Davis Straits in 1497, Crantz adds, '^ A century before this, in 1380, we 
^^ read that Nicolas and Antonius Zeni, two noble Venetians, were carried off by 
^' a storm from the coast of Iceland into the Deucaledonian Sea ; and that in 
^'lat 58^, between Iceland and Greenland, they discovered a large island 
^' inhabited by Christians, and covered with a hundred towns and villages, which 
^^ was called West Friesland. Since that time, however, we have not a syllable 
of intelligence which can give an air of truth to this story. Frobisher in his 
third voyage touched at a country in that latitude, and found the inhabitants 
similar in all respects to the Greenlanders, whence he justly concluded that it 
was a part of Greenland. Some persons, however, espouse the opinion that 
" this island has been swallowed up by an earthquake, and is the same with the 
'^ sunken land of Buss, marked on the charts, and which is dreaded by seamen 
"from the shaUowness of the incumbent water and the furious dashing of the 
" waves." 

Without further multiplying the statements of the older writers on this 
subject, I think, notwithstanding the utter distrust with which they have been 
r^arded, that there is quite sufficient evidence in the distinct declarations of the 
Venetian and Norwegian navigators^ coupled with those of later voyagers who 
speak of a shoal or Sfwnk land^ and the remarkable confirmation afforded by the 
recent soundings, to establish the probability that a tract of land or island did 
once exist between the 27th and 29th degrees of N. latitude and the 59th and 
60th degrees of W. longitude, and that it was either submerged suddenly by 
some tremendous volcanic action, or subsided slowly, leaving behind only the 
shoal which is now completely hidden below the surface. 

According to present information, the isolated fact is established, that abotit 
midway between the 27th and 32nd degrees of W. longitude, where on the one 
side the depth is 1160 fathoms, and on the other 1260 &thoms, the water shoals 

* ' Historj of Greenland,' from the Oennan, by David Cranti. London : 1820, p. 250. 
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to 748 &thoms. Judging £rom the contour of the Atlantic basin, and the known 
course of the Gulf Stream, which at the present day sweeps directly along this 
200-mile longitudinal tract, an increase and not a decrease of depth might 
naturally have been expected. It is necessary for me to state that the selection 
of the spot at which the 748-&thom sounding was taken bore no reference what- 
ever to the question now at issue, but rather to the extreme difficulties attending 
the operation of sounding at all during the tempestuous weather the ship encoun- 
tered, and that such decrease in depth was wholly unlooked for : and hence, 
although the allusion to such a depth as being shoal water may appear 
somewhat inappropriate, it must be borne in mind that nothing could be more 
unlikely than that a spot so selected should represent the shallowest water, or 
that we should find least depth at two degrees northward of the point indicated 
in the old charts, and which, if it ever existed as dry land, must have been the 
most elevated and therefore the last submerged portion of the tract in question. 

When we take into consideration that Sir John Boss sounded only to a depth 
of 180 fathoms without striking bottom, and that until a very recent date the 
idea of systematically surveying depths estimated by thousands instead of 
hundreds of fathoms was never entertained, it becomes easy to account for the 
failure of those navigators who deny the existence of any submerged land, to 
trace either its position or its boundaries. 

It is much more probable that spots occur along this submerged tract on 
which the depth of water is reduced fiEtr below that indicated by the sounding, 
than that the shallowest point should have been accidentally struck ; and even 
supposing that no very considerable diminution should be met with, and that it 
becomes necessary to assume a subsidence of several hundred feet at the spot 
last submerged, the case would by no means be without parallel. On the 
contrary, taking as our examples Sweden in the one direction, and Greenland 
in the other, ample geological evidence can be adduced to prove that gradual 
elevation in the one case, and gradual subsidence in the other, have been and 
continue in operation. In Sweden, we find that land now elevated several 
hundred feet above the present sea-level must once have constituted the bed of 
the ocean. Were it possible to observe the traces of ancient water-levels on the 
now submerged slopes of the Greenland fiords, the evidence would, no doubt, 
show that depressions, equalling in degree any that may be considered necessary 
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in order to account for the '^ sunken land " under notice, hare taken place, not 
under the operation of sudden volcanic convulsions, but as the result of a gradual 
process acting uninterruptedly through vast periods of time. It is somewhat 
singular that Captain Graah, who was the foremost to repudiate the idea of an 
island or shoal having existed in the locality assigned to it, should, in 1823, 
have been the first to notice the extensive subsidence that had taken place along 
the western shores of Greenland*. 

Lastly, it must not be forgotten that, within the memory of man, one if not 
two islands have been raised up out of the sea, and again submei^ed, off the 
south-west coast of Iceland, in a line which, if extended, would very nearly 
intersect the position assigned to the '^ sunken land of Buss ;" and although, as 
before stated, active volcanic disturbance is not requisite to produce the effect in 
question, there is more likelihood of its taking place in regions subject to such 
disturbances than in regions never under this influence. 

I shall have occasion, in a future chapter, to draw attention to the evidences 
afforded by certain creatures, whose normal habitats are in comparatively 
shallow zones, having become acclimatized, perhaps through a long series of 
generations, and rendered capable of maintaining existence at depths vastly in 
excess of those which may be regarded as normal in other latitudes. One 
example is drawn from the west coast of Ghreenland, in lat. 64^ 14' N. ; the other 
from a point about midway between the most southern part of Greenland and 
Bockall, in lat 69" 27', long. 26^ 40' W. In now drawing attention to these two 
cases, I am desirous of showing that, irrespective of the £acts already noticed, 
there are circumstances which render it probable that subsidence has taken 
place, and is still taking place, along the tract in question, and, further, that the 
line of subsidence between South Greenland and Rockall, thus indicated, tallies 
in a very remarkable manner with the ancient boundary line suggested by Sir John 
Richardson, and acquiesced in by the late Professor Edward Forbes, on indepen- 
dent grounds, as marking the northern limit of the Atlantic at the period at 
which it was separated from the great Arctic basin. In the concluding portion 
of ' The Natural History of the European Seas,' Mr. R. Godwin-Austen thus 
describes the boundary in question: — ^'A line from Newfoundland to Cape 
" Farewell, thence across the Atlantic of Iceland and the Faroe Archipelago, 

* See Sir Charles Lyell's < Piindplee Geology.' Londoiii 1853, p. 530. 
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^' represents, conjecturally, the northern limitation of the Atlantic at the time 
" when it did not communicate with the Arctic basin*/' — ^thus lending a powerful 
confirmation to the view I have endeavoured to establish. 

At the present time, when the attention of naturalists is directed to the 
evidences of the community of types ascribable to the animals and plants 
of Europe and the North American Continent, and the question to be decided is 
whether the ancient communication between these two countries was efSected 
across the North Atlantic or North Pacific Oceans, it is of the utmost conse- 
quence that every &xit likely to throw light upon it should be made public. 
Under this impression I have been induced to exhume the evidences above cited, 
and to append my reasons for inclining to a belief that the tract over which the 
^ Bulldog ' sounded may have formed, in ages gone by, one of the stepping-stones 
which connected the eastern and western hemispheres of the globe. 

It has been stated that two of the soundings taken since the ^Bulldog' 
entered on the survey of the direct route between Cape Farewell and Rockall 
have proved of high interest. The first of these, which indicated 748 fathoms 
in a part of the North Atlantic basin at which we might reasonably have 
expected to find an increase instead of a diminution in depth, has already been 
noticed. The second can only be cursorily touched upon in this place, inasmuch 
as it involves the entire question of life at extreme depths in the sea, and must 
therefore be discussed at length hereafter. This sounding fiur exceeds in import- 
ance any previous sounding on record ; for not only does it for ever determine 
the fSEU^t that animal existence may be maintained at depths vastly greater 
than by most persons has been believed possible, but it proves the fallacy of 
several of the conditions which have heretofore been supposed to limit the 
bathymetrical distribution of animal life, and points to the existence of a new 
series of creatures peopling the deeper abysses of the ocean, and destined, perhaps, 
to fiimish many of the missing links between the submarine faunas of the Past 
and Ptesent. That single sounding, I may be permitted to say, compen- 
sates for every disappointment that weather and accident may previously have 
engendered. At the eleventh hour, and under circumstances the most un&vour^ 
able for searching out its secrets, the deep has sent forth the long-coveted 

* < The Natural History of the European Seas/ by the late Profeasor Edward Forbes, F.B.S. 
Edited and continued by B. Godwin- Austen, F.B.S. London, 1859, p. 286. 
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message. What mechanical ingenuity failed to achieve, hunger or curiosity 
accomplished ; and thus whilst the sounding-apparatus only succeeded in bringing 
up from a depth of 1260 fathoms a number of minute shell-covered creatures, 
so simply organized as to render them incapable of perceiving or escaping a 
danger, thirteen star-fishes, ranging in diameter from 2 to 5 inches, came up 
convtilsively embracing a portion of the sounding-line which had been paid out 
in excess of the already ascertained depth and rested for a sufficient period at 
the bottom to permit of their attaching themselves to it These star-fishes 
arrived at the surface in a Uvmg condition, and, what is still more extra- 
ordinary, continued to move their long spine-covered rays for a quarter of an 
hour afterwards— clearly proving that, if their adherence to the sounding-line 
was due, in the earlier stage of their progress upwards, to a clonic spasm of the 
muscular tissue, neither life nor nervous energy ceased till after the lapse of the 
period mentioned. 

This sounding, taken at a distance of about three degrees to the eastward of 
the position at which a depth of 748 fathoms was met with, indicates an increase 
of 572 fathoms, or about 150 fathoms in excess of the depth ascertained at the 
same distance in the westward direction. The discovery of the star-fishes in this 
situation, although it can in nowise detract from the validity of the fact 
r^arding the presence of living creatures at the greatest depths, may neverthe- 
less be associated in some measure with the subsidence of the sea-bed, inasmuch 
as, during the lapse of ages, the successive descendants of the star-fishes that 
originally inhabited the shallower waters present before such subsidence took 
place may, by degrees, have become capable of maintaining their existence under 
the now altered conditions. Whether this has or has not been the case must 
unfortunately remain for ever a matter of mere speculation ; but, supposing it to 
have been so, it would only tend to prove liiat, in certain instances, transitional 
habits may be acquired without producing transitional characters ; and if the 
possibility of animal life at extreme depths be admitted (as I take for granted it 
must be henceforth), it is just as reasonable to assume that the ancestors of 
animals now capable of existing in shoal water may have lived originally at 
extreme depths, the one transition being in nowise more wonderful than the 
other. The hard-shelled Echinoderms are constituted for creeping, and not for 
swimming ; and hence, if it could be shown that any of them (such as Palnwpes^ 
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for example) axe capable of floating or swimming, the case would at once be 
altered, and there would be &ir ground for aswiming that, whilst their ancestors 
originally belonged to the £ree-rayed group and inhabited great depths, the 
descendants of these had by degrees developed the membrane-like expansion 
between the rays in order to enable them to remove to shallow water on the 
subsidence of the seapbed. It is well known, however, that neither Ptdmipes 
nor any *of the other hard-shelled Echinoderms are floating animals; and 
accordingly the proof that those brought up by the sounding-line actually 
travelled from the bottom, and not from some superincumbent stratum of water, 
must be regarded as conclusive. It is only necessary to add that the nearest 
point of Iceland to the spot at which the sounding was taken is 260 miles distant, 
whilst between it and the nearest point of Greenland the distance is 600 miles. 

Throughout the day lai^ flocks of Dovekies have flown across in a south- 
westerly direction, as if migrating from Iceland to Newfoundland or the southern 
portion of Labrador. Measuring from the nearest point to point of land, these 
birds would have to traverse a distance of 1200 miles, which, at a speed of 
thirty miles an hour, would involve forty hours' incessant flight. Although 
migrations across even greater areas of open sea are known to be effected by 
many species of purely aquatic birds, it becomes difficult to conceive how small 
wading birds, such as the Sandpipers, can accomplish a similar journey. A 
number of the latter, in pairs, flew past, taking the same course ; but, from the 
manner in which they invariably hovered round the ship for a short time, as if 
anxious to alight even at this early stage of their voyage, it would almost seem 
probable that their instincts had been at fault when they selected their route. 
Should this be the caise, and the circumstance I have mentioned be one of 
frequent occurrence, very large numbers of these birds must perish annually in 
the middle of the sea, their soft parts being gradually devoured by the countless 
great and small zoophagists that inhabit its waters, whilst their skeletons subside 
and become ultimately entombed amongst the deposits at the bottom. 

Oct. 19. — Bekiavik. After having encountered a continuous succession of the 
heaviest gales since leaving Ghreenland, the * Bulldog ' once more anchored here 
this afternoon, in order to coal and repair damages. 

In approaching Cape Bekianess last night, about 11 p.m., we passed close by 
an isolated basaltic rock, known as the ^' Blinde Skier," or *' Grenadier's Cap," 
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which rises up perpendicularly from the sea to the height of 80 feet. It is a 
curious &ct, that both this rock and one of a similar kind on the Hockall shoal 
present so close a resemblance to a ship under sail, that it is almost impossible 
to believe they are anything else, when seen from certain points of the compass. 
By a sounding taken at a distance of about a quarter of a mile from the ^^ Blinde 
Skier," the bottom was shown to consist of coarse basaltic sand and shell-debris. 
The period at which this rock was heaved up is unknown ; but there can be no 
doubt of its haviog maintained its present position unmoved for centuries, 
during which both the mainland of Iceland and the intervening portion of the 
sea-bed have undergone several very severe convulsions. Thus in 1783, the year 
in which the most tremendous disturbances on record took place in Iceland, a 
submarine volcano burst into action in lat 63^ 25' N., long. 23^ 44' W., at a 
distance of ten or twelve miles from the Blinde Skier rock, and thirty miles to 
the south-westward of Cape Rekianess, during which an island of considerable 
size and height was thrown up. This island was named ** Nynoe," or the New 
Island, and claimed by the King of Denmark ; but, before a year had elapsed, it 
again subsided, leaving nothing but a sunken reef to indicate its position. In 
1830 a smaller island was ejected, somewhat nearer to the coast ; but it was in 
like manner submerged after a brief interval 

Oct. 28.— Today the ^ Bulldog ' again proceeded to the southward with a view 
to continue the line of soundings between the point at which she diverged en roide 
to Iceland and RockalL 

From a few soundings taken between Rekianess and the Blinde Skier, it 
appears that the obsidian-like detritus, of which mention has been made in 
Chapter II., commences somewhat to the eastward of the latter, and stretches to 
the north-westward in a belt of about twenty miles in diameter, fringing the 
western shore of the promontory ; whilst to the westward of this, and running 
parallel with it, a belt of rolled basaltic drift ascends and crosses the first line of 
soundings, as formerly indicated. Although no data were afforded, during the 
outward voyage between Iceland and Greenland, for determining the source 
from which the rolled fragments of basalt were derived, these latter soundings 
prove that the belt in question is borne northwards by the eastern margin of that 
portion of the Oulf Stream which splits on coming across the Blinde Skier shoal, 
ascends in a northerly direction towards Faxe Fiord, and then sweeps up the 
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west side of Iceland. This ascending current, it may be observed, would operate 
continuously along the whole of this shoal-water tract, irrespectively of the 
ordinary tidal current, which can only affect the superficial stratum of water. 
Under any other circumstances, inasmuch as it has already been shown that this 
tract has been under the immediate influence of recent volcanic convulsions, the 
belt of basaltic gravel, or, at any rate, that portion of it in the vicinity of the 
Blinde Skier which has altogether escaped such volcanic action, must have been 
buried under a similar obsidian-like deposit. Should a telegraphic cable ever be 
carried along the North-Atlantic route, there is good ground for believing that 
the surest method of avoiding the danger of submarine volcanic action, to which 
the greater portion of the southern district of Iceland is liable, would be to 
bring the wire across from Ireland, vid Bockall, to the Blinde Skier, and thence 
direct to Labrador. If injury from volcanic disturbance were to take place at 
all in the case of a wire following this route, it would in all probability occur 
between the Blinde Skier and the mainland, to which there might be a short 
branch-line, and not between the Blinde Skier and Labrador, as no recent 
volcanic action has been known to take place in that direction. 

Nov. 11. — ^The few remaining soundings having been concluded in defiance of 
a still frirther continuance of stormy weather, and the supply of coal being again 
exhausted, the ' Bulldog ' today put into Killibegs, County Don^aL At that 
port I left the ship and bade adieu to my messmates, whose friendly companion- 
ship I shall always recollect with feelings of sincere pleasure. 
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PART 11. 



THE BATHTMETRICAL LIMITS OF ANIMAL LIFE IN THE OCEAN. . 

UN no question connected with marine zoology does the information of natu- 
ralists appear to have been so singularly defective as on the bathymetrical limit 
of animal life in the ocean. When it is borne in mind that, until a very recent 
period, but a few isolated attempts had been made to bring up '' specimens 
of bottom " from deep water, and that the '* antibiotic view " rested exclusively 
on the foregone conclusion that no organized creature ^' of a kind analogous to 
those with which we are acquainted" could exist under the extraordinary 
conditions of pressure, aeration, temperature, and light which prevail on the 
deep-sea bed, it can hardly be wondered at that the clearest proofs should have 
been necessary in order to establish an opposite opinion. But it is neverthe- 
less surprising that the antibiotic view, based as it was altogether on negative 
evidence, should have remained unimpugned for nearly half a century after the 
publication of statements which, although meagre to a degree when considered 
with reference to the importance of the subject, were calculated to throw reason- 
able doubt upon it and consequently deserved most serious consideration. 

In 1819, the late Sir John Boss published an account of his having obtained 
in Baffin's Bay various "sea-worms," "shrimps," and other creatures, from 
depths greatly exceeding those at which animal life was supposed to become 
extinct; and nearly thirty years subsequently. Sir James Ross also reported 
having dredged up living creatures from great depths in the Antarctic seas. 
Hence, whatever weight may have attached to the testimony of these distin- 
guished Arctic navigators on other subjects, it is evident that some deep-rooted 

L 
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doubt forbade the recognition of statements so opposed to the established 
views of naturalists, and that nothing but the foregone conclusion already 
referred to could have led to their being so unhesitatingly ignored. That 
the presence of animal life at great depths was ignored until the period 
at which the question was unequivocally set at rest by the capture of the 
star-fishes on board the ' Bulldog ' may be fsdrly inferred, I think, from the 
circumstance that, with one exception entirely unconnected with the above 
observations, no naturalist or physiologist had previously ventured to prove that 
animal life extends indefinitely below the limit of the deep-coral zone ; but, on 
the contrary, so universal was the assent given, both in Europe and America, 
to the views propounded by the late Professor Edward Forbes, that, in one 
of the most recent and authoritative works published on the subject, the belief 
is unhesitatingly expressed, that, at 300 fathoms below the surface of the sea, 
life is extinct. 

A few extracts from the writings of some of the most eminent authorities on 
the geographical distribution of marine creatures will suffice to show that, up to 
the period at which my Notes on the presence of animal life at vast depths 
in the Ocean * were published (that is, immediately after the termination of 
the North-Atlantic Cruise in 1860), "the extreme depressions of the sea, like the 
extreme elevations of the land, were supposed to be barren and lifeless solitudes ; " 
and they vrill at the same time prove, whatever may have been the value of the 
data frumished by any previous soundings, that an entirely new series of proofs 
was rendered indispensable, before the fact of the extension of the bathymetrical 
limits of life by many hundred additional fathoms could be presented to the 
scientific public as deserving their credence. 

In ' The Natural History of the European Seas f ,' Professor Edward Forbes 
writes as follows : — " Last and lowest of our regions of submarine existence is that 
of the deep-sea corals^ so named on account of the great stony zoophytes charac- 
teristic of it in the oceanic seas of Europe. In its depths the number of 
peculiar creatures is few, yet sufficient to give a marked character to it ; whilst 
the other portions of its popidation are derived from the higher zones, and must 

* ' Notes on the Presence of Animal life at Vast Depths in the Sea.' Taylor <& Francis : Lond., 1860. 
t 'The Natural History of the European Seas/ by the late Professor Edward Forbes, F.E.S. 
Edited by E. G.-Atisten, F.B.S. London, 1859 : pp. 11, 26, and 246. 
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be regarded as colonists. As we desoend deeper and deeper in this region, its 
inhabitants become more and more modified, and fewer and fewer, indicating our 
approach toward an abyss where life is either extinguished or exhibits but a few 
sparks to mark its lingering existence. Its confines are yet undetermined, and 
it is in the exploration of this vast deep-sea region that the finest field for 
submarine discovery yet remains." Again, alluding to the entirely new field of 
inquiry opened out to the naturalist by the investigation of the various provinces 
of marine life, and the delight experienced by him the first time he '^ saw the 
dredge hauled up after it had been dragging the sea-bottom at a depth of more 
than 100 fathoms," he says, '^ Fishing-lines had now and then entangled Creatures 
at as great and greater depths, but these were few and &r between, and only 
served to whet our curiosity, without affording the information we thirsted for." 

Towards the close of the same volume, Mr. K Godwin-Austen expresses his 
adherence to the same opinions, in these words i-^^^ The sublittoral sone of every 
sea and ocean presents the fulness of its fauna ; and from that it decreases pro- 
gressively and rapidly, till, in regions &r within those in which the finer 
sedimentary deposits are distributed, animal life altogether ceases. Far beyond 
the zones where the members of a marine fauna Uve, there are areas of wide 
extent where animals of oceanic habits strew their delicate structures : this is 
the zone of the * free-swimmers '--^Pteropods, Nucleobranchs, Pelagio Gephalo- 
pods, and Crustaceans. The depositions of all past times present every gradation 
of bathymetrical distribution, down to the ' azoic zones ' of depth ; and the mere 
geologist must beware not to misinterpret the evidence presented to him, and 
suppose that some old world of waters was without life, merely because he finds 
no traces of it Still less, on such negative evidence, must he speculate as to 
the * dawn of life ' and * primordial zones.' The lustory of our own seas, and 
of all seas, teaches us that there is a law of proportion in the classes and orders 
of the living things that dwell there, and that the pres^ee of one form is safe 
ground of inference as to the co-existence of countless others." 

Sir Charles Lyell, in his remarks on the migrations of the Testacea*, says, 
'' Professor R Forbes has shown, as the result of his dredging in tiie JEgean Sea, 
that there are eight well-marked regions of depth, each characterized by its own 
testaceous fauna." And again, '^ a copious list of species is given as characteristic 

* LyeU's < PriaciplM of Gmlogy.' London. 1S53: pp. 64S and 778. 

l2 



7ff T0B BATHTUETBICAL LIMITS OF LIFE IN THE OCEAN. 

of each region down to the seventh, which liea between the depths of 80 and 
105 fitthoms,; all the inhabited space below this being included in the eighth 
province, where no less than 66 species of Testacea have been taken." In 
describing the ^^ imbedding of the remains of marine plants and animals,*' 
he writes:as follows : — ^^ I have already stated that at a depth of 960 fathoms, 
between Gibraltar and Ceuta, Captain Smith found a gravelly bottom, with firag- 
mentff of broken sheUs, carried thither probably from the comparatively shallow 
parts of the neighbouring straits, through which a powerful current flows. 
Beds of sheUy sand might here, in the course of ages, be accumulated several 
thousand feet thick. But, without the aid of the drifting^power of a current, 
shells may accumulate in the spot where they live and die, at great depths from 
the sur&ce, if sediment be thrown down upon them ; for, even in our own colder 
latitudes, the depths at which living marine animals abound is considerable. 
Captain Vidal ascertained, by soundings off Tory Island, on the north-west coast 
of Ireland, that Crustacea, Star-fish, and Testacea occurred at various depths 
between .60 and 100 fathoms ; and he drew up Dentalia from the mud of 
Galway Bay, i^ 230 and 24:0 fathoms water." 

Mr. Page, in ' The Advanced Text-Book of Geology*,' says that, ^^ according 
to experiment, water at the depth of 1000 feet is compressed ^^th of its own 
bulk ; and at this rate of compression we know that at great depths animal and 
vegetable lif^, as known to us, cannot possibly exist, — ^the extreme depressions of 
seas being thuq, like the extreme elevations of the land, barren and lifeless soli- 
tudes. Furjiher, at great depths, sand, mud, and all loose debris will be 
compressed and consolidated; and, according to the experiments of Sir James 
Hall, even limestone could be frised without the loss of its carbonic acid. The 
effect of depth in regulating the distribution of species is one of the prettiest 
problems in zoology, every zone from the shore seawards being characterized by 
different specific forms ; and, as will hereafter be seen, the comparative depths 
of seas of deposit may be ascertained with considerable certainty by a study of 
the fossils found in such deposits.'' 

According to Messrs. Agassiz and Gould f, " The depths of the ocean are quite 

* / Adyanoed Text-Book of Geology^ Desciiptiye and IndoBtrial/ by Dayid Page, F.O.S. London, 
1866 : p. 20. 
t ' OntLines of Comparatiye f hyaiology/ by. Pcof esaon Agaaaix and Oould. London, 1851: p. 365. 
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ad impassible for marine species as high mountains are for terrestrial animals. 
It would he quite as difficult for a fish or a moUusk to cross from the coast of 
Europe to the coast of America, as it would be for a reindeer to pass from the 
Arctic to the Antarctic regions across the torrid zone. Experiments of dredging 
in very deep water have also taught us that the abyss of the ocean is nearly 
a desert Not only are no materials found there for sustenance, but it is 
doubtful if animals co.uld sustain the pressure of so great a column of water, 
although many of them are provided with a system of pores which enable them to 
sustain a much greater pressure than terrestrial animals." 

The same distinguished authorities have, at a still more recent date, expressed 
similar opinions. Mr. Marcou, a member of the Boston Society of Natural 
History (U.S.), having informed that Society that he had read in an English 
journal an account of the capture of the star-fishes (as given by me in my 
published notesj and also in a lecture at the Boyal Institution of Great Britain, 
in February 1861), Messrs. Agassiz and Gould intimated their doubts of the 
creatures having been brought up from the depth stated, and suggested that 
they might have become attached to the line at a point far nearer to the surfitce. 

The following passages, quoted from the invaluable work written by Sir Henry 
De la Beche thirty years ago*, when the researches of Sir John Ross were 
comparatively speaking of recent date, clearly show the opinions then entertained 
on the subject : — " We have hitherto considered marine animal life with 
reference to creatures living in particular depths of water, and which, when we 
regard those of the ocean, are comparatively shallow. The surface of the deep 
ocean teems with animal life, and is probably^ not less well proportionably 
tenanted down to depths where, from the want of the necessary conditions, it 
ceases to e^t. . . . What the actual depth may be beneath which animal life 
does not exist in the ocean, we have yet no good data for ascertaining ; but that 
there must be such a limit, to at least any kind of life analogous to that with 
which we are acquainted, there can be little doubt.'* 

Professor Loven, in discussing the bathymetrical limits of submarine life in 
the Scandinavian seasf , alludes to three forms of Echinoderms living in the 

• < Besearches in Theoretical Geology,' by H. T. De la Beche, F.B.a., &a &c. London, 1S34 : 
pp. 262,263. 
t British Ajssodation Reports, 1844^ vol xiii. p. 60, ... 
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deep-coral zone as low down as the fisherman's line can be sunk, and adds, *^ As 
to the point at which animal life ceases, it must be somewhere; but with 
us it is unknown. As the vegetation ceases at a line far above the deepest 
regions of animal life, of course the zoophagous moUusca are altogether pre- 
dominant in these parts, whilst the phytophagous are more peculiar to the upper 
regions." 

And lastly. Professor Phillips, in a very recent work on the ^ Origin and Suo^ 
cession of life on the Earth*,* sums up what was known regarding the 
^' influence of depth on the distribution of life in the sea " with this observa* 
tion — '^ That it appears that the relative fertility of the several zones decreases 
towards zero ; and it is believed that at 300 fitthoms life is extinct" 

Having thus shown how imiversally the opinion has been entertained that 
animal life is limited to depths which vary slightly in different localities with 
the downward range of the deep-coral zone, I would now direct attention to the 
nature of the evidence that has hitherto been adduced in support of an opposite 
view, by three writers whose names will always be associated with great scientific 
discoveries in their respective departments, namely, Sir John Boss, Sir James 
Boss, and Professor Ehrenberg. 

In order to remove all doubt as to the value of the data furnished by Sir John 
Boss's soundings in 1818f , 1 subjoin such extracts from his work as bear at all 
on the subject, premising that, out of 59 soundings at depths exceeding 100 
fieithoms, 23 ranged from 270 to 1050 feithoms, — the apparatus employed being 
the '^ deep-sea clams '' specially designed by Sir John Boss for deep-sea dredging. 

On the 31st of August, lat. 74^ 03' N., long. 81° 28' W., he writes as follows :— 
^^ About six it fell nearly calm for a short time, and we sounded with the deep- 
sea clams, which brought up a quantity of mud, in which were five worms of a 
species that had not been seen before. There were only 650 fisithoms of line 
out, consequently there could not be more than that depth of water ; but there 
might have been much less, which was probably the case, as the swell was so great 
that it was uncertain, iffcer 200 &thoms, when the machine reached the bottom." 

* < life on the Earth, its Origin and Sacoession/ by John PhillipB, M.A., LLJD., F.B.8.y ^ &c. 
London, 1860 : p. 16 €< seq. 

t ' A Voyage of Disooveiy for the pnipose of Exploring Baffin's Bay/ by Sir John Boai, KJB., 
Boyal Navy. London, 1819 : voL i. pp. 247> 251, and voL ii. pp. 5» 40. 
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Qn the let of September, lat. 73^ 3? N., long. 75^ 25' W., it is atated that 
^^ soundings were obtained correctly in 1000 fathoms, consisting of soft mud in 
which there were worms ; and entangled on the sounding^Hne, at the depth of 
800 fitthoms, was found a beautiful Caput Medusas : these were carefully pre- 
served, and will be found described in the appendix*." 

On the 6th of September, lat 72° 23' N., long. 73^ 07' W., •' At six, it being 
quite calm, and the water smooth, we sounded with the deep-sea dams, and 
found 1050 &thoms, which were the deepest soundings ever reached in Baffin's 
Bay. As we had only 120 fathoms fifteen miles further north, it is evident that 
the bottom of the sea, like the land, must here be very mountainous. The mud 
at the bottom was so soft that the instrument was completely buried, and it 
required considerable force to draw it out The sea being a dead calm, the line 
was perfectly perpendicular, and we had a good opportunity of obtaining the 
exact depth before it started out of the ground. The instrument came up 
completely full, containing about six pounds of mud, mixed with a few 
stones and some sand. This mud was much coarser than that which we had 
before obtained^ and was also of a much looser nature. When the line came up, 

* The whole ixifonnation famished in the appendix with reference to the organisms procured in 

these soundings is given below — 

*^ Glass Cbvstacsa. 

Genus Hippositb, Leach. 
Speeie0.-*fiaving mislaid the specunen* I cannot give a descaription of it 

Genus GbAXKAxuay lAtreilla. 
Speeiea iSti6tiiaL->-43egniantis darsalibus postiee fidcato-produotis. Baffin's Bay. Captain Safaine. 

Class AKVSLinsSy CuTxer. 

Genus Nbbkb, linntf • 
l^mea PhyUoph9nk^''Ox9 edestulo^ pedibos bast kmeUis fblions instrnctis. Baffin's Bay. 

Genus LiFn>QiroTUB| Leaoh. 
Spedes iJosnt. — Fedibua dandssime testaceo hiisutiBy squamia donalibus cserulescente-giiseis. Baf- 
fin's Bay, amongst soundings. 

Type RADIATA. 

Class EcHiironsBXATA. 

Genus GoB0airociFSA£ij% Laach (1815). Eunxuji^ Lamaiok (1816). 
Species ulrctteus.— Corpore supra glabro, radiatim costato, costis tuberculatb; radiis longissimis, 
tenuibusy supra gianulatisy articulia (iq[ttcalibQS pussertim) distinctissimis. Expansion 2 feet. 
Baffin's Bay. Captain I. Boss." 
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a small star-fish was found attached to it, beloW the point filarking 800 
fathoms." 

And lastly, on the 2nd of October, lat 62^ N., long. 62? 25' W., "Before 
noon it fell calm and became foggy. We sounded in 650 fathoms, Itnd obtained 
from the bottom several small stones and shells." In the table of soundings in 
the appendix it is mentioned that " Serpulse, shrimps, and fragments of shells'* 
were contained in this materiaL 

If we bear in mind that the maintenance of animal life has been held to be 
impossible at great depths, on account of certain physical conditions which hfive 
been clearly and repeatedly laid down, we can readily understand why these 
bidre statements should have been disregarded ; for, on carefully weighing the 
evidence they supply, it will be found, whilst no facts whatever are advanced to 
show the £allacy of the received opinions concerning the bathymetrical limits of 
marine life, that the whole of the details be€uing on the vitality of otherwise 
of the creatures brotight up are withheld; and, moreover, it is irreconci«« 
lable with what we ]aiow of the habits and structure of the Echinoderms to 
suppose that the ^^ Caput Medusae " (Euryale) and "small stac-fish" referred 
to could have been found free-floating and alive at a distance of 200 fetthoms from 
the bottom. 

In Sir James Boss's Voyage to the Antarctic regions between the years 1839 
and 1843*, the following passage occurs: — "January 19, 1841. Becalmed for 
two or three hours after noon ; the dredge was put over in 270 fathoms water, 
and after trailing on the ground for some time was hauled in." After detailing 
the characters of certain pieces of rock brought up, and which are stated to 
have been deposited probably by an iceberg, he continues, " Besides this there 
were a great many stones of various kinds of granitic and volcanic structure ; 
but the most remarkable circumstance was drawing up from so great a depth 
beautifrd specimens of living coral, which naturalists and geologists have hitherto 
concurred in believing unable to work beyond the pressure of a few fathoms 
below the surface. Corallines, Flustrs, and a great variety of marine inverte- 
brate animals, also came up in, the net, showing |m abundance and great variety 
of animal life. Amongst them I detected two species of Pycdogonum ; Idoteea 

* % 
\ • • • " 

• • , . . . *• V . 

* ' A Voyage of Discovery in the Southern and Antarctic Regions/ by Captain Sir James Clark 
Ross, R.N., K.N.T., F.R.S., &c. &c. London, 1847 : vol. i. p. 201 as^q. 
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Baffini, hitherto considered peculiar to the Arctic seas ; a Chiton, seven or eight 
bivalves and univalves, an unknown species of Qawmarus^ and two kinds of Serpula 
adhering to the pebbles and shells." After stating that an account of these, 
by Charles Stokes, Esq., appears in the appendix, he adds, ^^ It wcus interesting 
amongst these creatures to recognize several that I had been in the habit of 
taking in equally high northern latitudes ; and, although contrary to the general 
belief of naturalists, I have no doubt that from however great a depth we may be 
enabled to bring up the mud and stones of the bed of the ocean, we shall find 
them teeming with animal life ; the extreme pressure at the greatest depth does 
not appear to affect these creatures ; hitherto we have not been able to deter- 
mine this point beyond a thousand fathoms, but from that depth several shell- 
fish have been brought up with the mud " *. 

It will thus be seen that Sir James Ross alluded to Sir John Boss's sounding 
taken in 1819, when he referred to ^^ shell-fish " having been obtained with the 
mud from a depth of a thousand fathoms, — there being no prior sounding 
described by him as taken in the Antarctic regions, in which living creatures 
were brought up at as great a depth as 270 fstthoms, although subsequently 
Crustacea were brought up from 400 fetthoms. I should not have deemed it 
necessary to point out the misconception which has arisen on this subject, 
had it not become general Thus Mrs. Somerville declaresf, in language 
distinctly denoting its reference to this sounding, that ^^ before Sir James Boss's 
voyage to the Antarctic regions, the profound and dark abysses of the ocean 
were supposed to be entirely destitute of animal Ufe; now it may be pre- 
sumed that no part is uninhabited, since during that expedition live creatures 
were fished up from a depth of 6000 feet." In attempting to reco^cile these 

* Under the head of '* Bemarks on some corals obtained from great depths in the Antaictic Ocean/' 
in a letter from Charles Stokes, Esq., F.K.S., in the appendix to Sir John Boss's work, Mr. Stokes, 
after alluding to a previoos sonnding at 400 fathoms, in which none of the shells and oorals 
'< appear to have been brought up in a living state/' enters into a description of the organisms obtained 
in the sounding to which the aboye extract refers, and states that a small piece of '' Betepora cellulosa," 
and a ** Betepora or Homera " resembling ** H. frondiculata " of Lamouroux, were eridentlj taken in 
a living condition, adding his surprise at these and certain other organisms having been found, <' except 
in a warm climate and at a small depth/' and antitheticallj pointing out the occurrence of living 
specimens of a species of '< Premnoa " at from 150 to 300 fsithoms on the coast of Norwaj. (Appendix 
to Sir James Boss's work, vol. i. p. 334 ei seq.) 

t * Physical Geography/ hy Mary Somerville. London, 1851 : vol. ii. p. 246* 
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fects, I desire to do justice both to Sir James Ross, who unquestionably 
perceived the full force of Sir John Ross's researches, and to Mrs. SomerviUe, 
who, in defiance of the imbelief of " naturalists and geologists," recognized the 
all-pervading principle of life where its presence had been so long and so 
obstinately repudiated. 

In the portion of this work specially devoted to the history of the Rhizo- 

pods, I shall have occasion to state in detail my reasons for differing, on 

many very important points, from an authority to whom all who have studied 

the minute forms of the animal and vegetable kingdoms must look up with 

deference. At present I would merely observe that, whilst I am fully convinced 

of the vitality of the organisms to which Professor Ehrenberg refers, even at the 

extreme depths at which they are occasionally found, I cannot for a moment 

subscribe to the opinion that such vitality is demonstrated, as he most distinctly 

asserts it to be, by the presence of the soft parts contained within their shells. 

There are several strong collateral reasons for assuming that they normally live at 

the bottom ; but when all these are added together, it still remains impossible to 

say that the fact is fully substantiated. It is jGax from improbable that the only 

absolute proof by which the question can be determined may yet be obtained — 

namely, that which would be afforded by distinct vital movements in the organisms 

after reaching the surface. For, if it is possible for creatures of a much higher 

type of structure to retain their vitality (as I shall presently show to be the case) 

after being brought up from equally vast depths, we are fully justified in 

assuming that creatures of such a simple type as the Foraminifera and Poly- 

cystina may retain their vitality imder similar circumstances. If we turn to the 

evidence afforded by the fossil forms of these lower organisms, we find abundant 

reason for believing them to be fitted to undergo, with impunity, changes in 

the conditions by which they are surrounded far greater than could be borne by 

organisms of a higher order. Thus, it is well ]aiown that they command not 

only a much wider geographical range, both as regards recent and fossil forms, 

but that species living at the present day extend back to periods infinitely more 

distant in the world's history. But, whatever degree of probability may attach 

to the opinion that the Foraminifera and Polycystina of the soundings live and 

multiply at the depths from which the sounding-machine occasionally brings 

them, we must never lose sight of the fact that between probability and proof 
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there is a wide difference, and that, whilst the one may be said to be established 
on much stronger grounds than that adduced by Professor Ehrenberg, the other 
still remains to reward some patient labourer in the domain of microscopical 
natural history. 

The presence of the sarcode, apart from other evidence, proves nothing 
beyond the powerful preservative effects of sea-water, surcharged, under a stupen- 
dous pressure, with its saline constituents. I have at the present time Forami-^ 
nifera obtained, in a living condition at a depth of 100 fathoms, five years ago. 
These are, as a matter of course, dead ; yet they retain their sarcode imchanged 
in quantity, in bulk, and in colour, and differing only from recent living sarcode 
in a somewhat diminished degree of viscidity. The pure' Globigerina-deposits ot 
the North Atlantic, obtained a year and a half ago, in like manner retain their 
sarcodic contents equally unchanged. It is highly probable, for reasons hereafter 
to be adduced, that these also were alive when taken at the bottom ; but it is 
equally certain that they are dead now, and that they have been so, at all events, 
since a very brief period after they quitted their native element It is necessary 
to mention these circumstances, inasmuch as Professor Ehrenberg has not only 
based the vitality of the Foraminifera, Folycystina, and Diatomacese on this 
single character, but has maintained that vitality has been retained by some of 
these oiganisms for several years, during which they had been preserved in 
closed bottles. 

In a paper communicated to ' The Annals and Magazine of Natural History,' 
in 1844*, ^^ On Various Materials obtained from the Besidue of Melted Pancake- 
ice in the South Polar Begions," the statements on these points are so remark- 
able and explicit that it is necessary to quote them. After giving a list of 
"Siliceous Polygastrica *' (Diatomacese and Polycystina), "Siliceous Phytoli- 
tharia " (principally Sponge-spicules), and " Calcareous Polythalamia " (Forami- 
nifera), it is stated that, " In several forms of the genus Coscinodiscus their 
green ovaries were recognizable ; consequently they must have been alive." And 
again, with reference to the residue of another specimen of similar material from 
those regions, containing "Siliceous Polygastrica and Siliceous Phytolitharia," 
Professor Ehrenberg says, " These and the former specimens were sent over in 

• « On Microecopio life in the Ocean at the South Pole/' by Professor Ehrenberg, ^ Annals and 
Magazine of Natural History ' (London^ 1844), yoL ziv. p. 169 ei uq, 

m2 
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bottles of water. They were the same sealed bottles in which they were 
collected in the year 1842. In the first bottle, in which the sediment was 
considerable, almost every atom being a distinct siliceous organism, Hemmlua 
antarcticus predominated. The larger bottle of the second mass had allowed 
the greater part to leak through the sealed cork, so that only about a quarter 
remained. The mass of sediment arrived in Berlin in 1844, almost all in such a 
condition that the author had no hesitation on considering them still alive, 
although they all belonged to the almost or perfectly motionless forms. The 
Fragillarias " (Diatoms) ^^predominated; these, though rarely adherent in 
chains, had their green ovaries mostly preserved in a distinct natural disposition : 
Cascinodisci and Hemiaulm also often exhibited groups of green granules in 
their interior. No movement" 

It will be noticed that a great portion of the organisms grouped together 
under the designation of " Siliceous Polygastrica " are referred by other writers 
to the vegetable kingdom ; these, although not strictiy falling within the scope 
of the present observations, nevertheless illustrate the point under notice, 
namely, what ought and what ought not to be accepted as proof of vitality in the 
Protozoa as well as the Protophyta. 

The annexed extract from a letter of Professor Ehrenberg's to Captain 
Maury, dated "Berlin, October 1857"*, shows that the same views continue 
to be upheld by that indefatigable observer. Addressing Captain Maury, he 
says, " In your memoir, published by the Geographical and Statistical Society of 
New York, I see that you have followed the judgment of the old observers, 
who deny the existence of stationary life at great depths, and who sustain them- 
selves of late by the observations of Mr. Forbes. Also Mr. Bailey has of late 
published similar opinions. I cannot agree with this antibiotic judgment, after 
having put it beyond doubt that the greater part of the small calcareous cara- 
paces is filled with small soft bodies ; Mr. Bailey also speaks of his observation 
of these soft bodies in the Siliceous Bacillaria, which strengthens my own 
remark. That the great compression prevents putrefaction is a hypothesis; 
but the existence of the soft bodies is a certain observation. 

" The other argument for life in the deep, which I have established, is the sur- 
prising quantity of new forms which are wanting in other parts of the sea. If 

* Maoiy's ' Sailing Direotions/ 8th edition. Washington, 1857 : p. 175. 
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the bottom were nothing but the sediment of the troubled sea, like the &11 of 
snow in the air, and if the biolithic curves of the bottom were nothing else than 
the product of the currents of the sea which heap up the flakes similarly to the 
glaciers, there would necessarily be much less of unknown and peculiar forms in 
the depths. The surface and the borders of the sea are much more productive 
and much more extended than the depths; hence the forms peculiar to the 
depths should not be perceived. The great quantity of peculiar forms and of 
soft bodies existing in the innumerable carapaces, accompanied by the observation 
of the number of unknowns, increasing with the depths — these are the arguments 
which seem to me to hold firmly to the opinion of stationary life at the bottom 
of the deep sea." 

It is at all times a difficult and an ungracious task to endeavour to demon- 
strate the fEdlacy of the viev^ of others, but it becomes tenfold more so when 
the author of those viev^ holds such an eminent position as Professor Ehrenberg. 
In the present instance no middle course is left open to me, inasmuch as, 
disagreeing in almost every fundamental particular regarding the nature, the 
structure, and the functions of the lower tribes of organisms met with in the 
oceanic deposits, I am compelled not only to adduce the data on which my own 
opinions are founded, but to show why I decline to subscribe to opinions that are 
diametrically opposed to them. 

One of our foremost naturalists and comparative anatomists has characterized 
the researches of Professor Ehrenberg ajs ^^ wonderful monuments of intense and 
unremitting labour, but at least as wonderM illustrations of what zoological 
and physiological reasoning should not be;" and has declared it to be ''a 
matter of duty, on the part of those interested in the progress of zoology, 
to pronounce decidedly against the statements contained in the ^Infusions- 
thierdien,' so far as regards anatomical or physiological fetcts"*. I can 
only appeal to the opinions I have quoted, and the data on which they have been 
based, in support of the course it has thus been rendered imperative on me to 
pursue. 

Before closing this portion of my subject, it remains for me to draw atten^ 
tion to the very singular fact that whilst Professor Ehrenberg, in common 

• < Axmab and Magazine of Natural HiBtorj/ 2nd series^ vol. viii. p. 436 : Professor Huxley on 
the genus Thala$»icMa. 
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with many of the other authorities whose opinions have been cited, completely 
ignored the researches of Sir John Boss, published more than twenty years 
previously (it being distinctly stated in Professor Ehrenberg's communication 
to the ^ Annals and Magazine of Natural History,' from which the last extracts 
have been made, that 190 and 270 fathoms were ^^ the greatest depths that had " 
previously to 1844 " been sounded "), not one of those writers has, up to the 
present hour, recognized the validity of Professor Ehrenberg's reasoning with 
reference to the vitality of creatures belonging to the very lowest type, and 
therefore much less likely to be affected by conditions which they contend 
would prove fatal to creatures of a higher order. 

Having thus placed before the reader the grounds on which naturalists have 
heretofore regarded the deeper abysses of the ocean as unfitted for the support 
of animal life, and having endeavoured to state fairly the value of the evidence 
adduced by the only two observers whose researches have been directed towards 
the establishment of an opposite view, I have now to draw attention to the 
physical conditions by which the geographical distribution and the duration on tiie 
earth of marine creatures are determined, and to the various influences which, in 
conformity with the most recent discoveries, appear to regulate their bathyme- 
trical range. 

It would be foreign to the purpose of the present inquiry to state the various 
arguments by which the theory of transmutability of species and the doctrine of 
specific centres of creation have been maintained by their respective supporters. 
It is sufficient to know that, commencing from an assumed period in the earth's 
history, no matter how remote from ^^the beginning," certain forms were 
grouped together within fixed geographical areas, each of which was already 
distinguished by typical characters. Were it possible to define this period, or to 
adopt a cotemporaneous starting*point for every group of animate forms on the 
surface of the globe, whence to calculate the amount of divergence or specific 
differentiation its several species had undergone, the task of determining which 
hypothesis is true and which false would be comparatively easy. But, in the 
absence of such a fixed point, it only remains for us to draw our inferences from 
well-marked modifications in the characters of well-known species, and endeavour 
to reconcile these modifications with such altered conditions of the earth's crust 
as we can prove to have accompanied them. 
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When we consider the changes which are continuously and yet almost imper- 
ceptibly going on in the distribution of land and sea, and bear in mind that, 
although the periods occupied in the completion of these are inconceivably 
vast, they are insignificant in comparison with epochs in the world's history 
anteriorly elapsed, we shall understand how gradual must be the operation of 
causes by which the characters of species are modified and their disappearance 
from the earth eventually brought about. Were it otherwise, all the individuals 
belonging to a species in any given zoological province would leave their remains 
within the narrow stratum of deposit on which they had lived. But this 
happens only in exceptional cases ; and hence we meet vnth fossil remains of 
species extending frequently through strata of such immense thickness as to 
prove, in conjunction with what is known of the rate at which those strata are 
formed, that vast changes in the relative distribution of sea and land must have 
occurred before they became extinct. 

Bearing this hct in mind, it is necessary to avoid the very common error of 
taking for granted that the ancestors of animals living at the present time under 
a set of recognized conditions must have lived under similar conditions since the 
period at which they first appeared on the earth. The fossil remains of the 
older extinct forms, both of animals and plants, clearly show how dijSerent must 
have been the condition of the earth's surface when they peopled it. But we 
have only to look at the changes observable during much more recent periods, 
in order to be satisfied that species still in existence must have passed through 
repeated and critical alterations in the conditions by which they were sur- 
rounded; and in such cases we might naturally expect to find structural 
modifications to have taken place in a greater or less degree. A time will in all 
probability arrive when, by a further series of changes, these existing forms will 
in turn become scarcer and scarcer, and then finally disappear from the earth. 
The extinction of certain Struthious birds is well known to have been completed 
within a very recent period ; and although in some examples human agency has 
been instrumental in producing this result, there is no reason to believe that in 
the case of the gigantic Struthious forms of New Zealand, or in that of the 
Great Awk of the Arctic regions, extinction has not been consequent on natural 
causes. But, supposing changes on the earth's sur&ce and climates to have been 
moderate in extent and duration, it is evident that creatures may have survived 



88 THE BATHYMETBICAL LIMITS OF LIFE IK THE OCEAN. 

conditions which, if sufficiently protracted in their operation, would have proved 
fatal, and that they may have received a new vital impulse, as it were, from the 
relapse towards those conditions which were normal, — ^the alternate tendency 
towards extinction and re-establishment having been carried on through several 
repetitions of these changes, and resulting in an augmented or a diminished 
power to become permanent, as the digression from or recurrence to the normal 
state assumed the preponderance. 

It is to Sir Charles Lyell that we are indebted for the first clear exposition of 
the relation subsisting between the geographical distribution of organized beings 
and the ^'inorganic changes" which are continually taking place over the 
globe. So long ago as the year 1832 this all-important subject was treated by 
him in the original edition of his ^ Principles of Geology * — a work which 
constitutes at once the most compendious and the most perfect record of the 
great physical laws which have through all time modified the exterior of the 
globe. To Mr. Darwin's researches much is also due — authenticated examples of 
specific divergence having been collected and explained by him in a manner 
that leaves no doubt on the mind of the facts, although his final inferences are 
held to be ^^ unproven " by some, and untenable by others. 

Sir Charles Lyell remarks* that, however uniform may be the action of 
^' inorganic causes," its effect on the oi^anic world is far from being uniform in 
equal periods of time in different localities. There cannot be a doubt of the 
correctness of this view with regard to inorganic agencies operating on land, 
but there is good reason for supposing that when operating at sea their results 
are of a far more uniform nature in like periods ; for, assuming, as we are war* 
ranted in doing, that over laige equal areas of globe the amount of subterranean 
disturbance is similar during vastly extended periods, it follows, from the much 
greater area of sea as compared with land, that the effects would be diffused over 
a much wider space, and hence sudden changes in distribution of the sea-bed 
would be less frequent, whilst alterations in its depth would be much more slow 
in their production. 

" We may fairly infer," says Sir Henry De la Bechef , " that the great mass of 
organic remains, like the accumulation of detritus amongst which such remains 

^ Bee Lyell's < Principles of Geology.' London, 1863 : p. 691 et $eq. 

t < Besearchee in Theoretical Geology/ by Sir H. De la Beche, P.B.S., Ac., 1834, p. 266. 
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occur, was accumulated in moderate depths around coasts, and either on or 
around shoals at no considerable depth below the surface of the sea." The 
same view has been held by all subsequent writers; and this may explain, in 
some measure, why it has been asserted that fossil species, which extend 
through the greatest thickness of a deposit or series of deposits, have in all 
probability also commanded the widest horizontal range, — the inference being 
based on the supposition that, during the vast periods of elevation or subsidence 
which rendered a change of position necessary, littoral species, in order to 
endure, must have traversed successively formed zones. If by horizontal range 
it is meant that such species must have lived along very extended coast- 
lines to admit of their surmounting the obstacles which occasionally prevented 
the maintenance of their normal depth, the view may be regarded as correct. 
Otherwise it would appear that the geological range has been confounded with 
the geographical, inasmuch as the measure of the horizontal area over which 
such a fossil species may be found constitutes but the sum of an indefinite 
number of geographical areas to each of which it was restricted for the time 
being. And hence, apart from other evidence, the greatest vertical as well as the 
greatest horizontal range of such a species, whilst attesting its duration, affords 
no proof of its wide geographical distribution at any given period. 

In the case of fossil deposits formed at the bed of the deep sea, however, 
it may be fairly assumed that the horizontal range bears a much closer relation 
to the actual geographical distribution of a species at any given period of its 
history ; for, although the searbed may be regarded as the reflex of the land, 
softened down somewhat by the deposits continuously accumulating on its 
surface, the very nature of the conditions present yields the creature living there 
a much greater chance of escape from hurtful influences than pertains to littoral 
species. Thus the latter, in event of elevation of a coast taking place, could 
descend in one direction only, to maintain their special bathymetrical zone; 
and should a shoal or reef skirt the shore, advance in that direction would be 
precluded. Therefore, imless the creature were capable of enduring a change 
of conditions incident on removal to a higher zone, even no frirther elevation of 
the coast-line took place, the result would be fatal to it. 

In the case of deep-sea forms, excepting those located in circumscribed and 
isolated areas, the possibility of migration to a locality at which the conditions 

N 
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were favourable to life would be vastly increased ; that is to say, they would 
have two or more directions to select from, and accordingly the risk of extinc- 
tion from inorganic causes would be materially lessened ; the extension of the 
geographical range of a species, under these circumstances, being at the same 
time facilitated and expedited. 

In the case of marine creatures, the necessity for migration from place to 
place in consequence of changes which render residence in particular localities 
unsupportable must, for these reasons, occur much less frequently. It is also 
reasonable to suppose that the tendency to extinction of marine as compared with 
terrestrial animals, from purely " inorganic causes," must be proportionately small, 
inasmuch as, the ratio of land and water on the globe being as 3 to 10, terrestrial 
animals must be more frequently checked in migrations which might save them 
from extinction, by the intervention of an element they are unfitted to encounter. 

Again, human agency must operate to a much smaller extent in effecting the 
extermination of the smaller and lower forms of the animal kingdom in the 
ocean than it is known to have done in the case of creatures inhabiting circum- 
scribed areas on land, since access to their haunts is, for the most part, 
impossible. And frirther, as there is good ground for believing that, although 
the deepest abysses of the ocean have their living occupants, the number of 
individuals is in all probability very large whilst the number of tribes is propor- 
tionally small, the tendency to extinction of certain tribes by frimishing 
sustenance to others becomes materially reduced. 

Having thus cursorily and, I fear, very imperfectly detailed the chief causes 
which are concerned in determining the distribution and duration of marine 
species, I have yet to show how they bear on the question of life in the deeper 
abysses of the ocean. Before proceeding with this portion of my subject, how- 
ever, it is necessary that I should describe, for the information of those who will, 
I trust, constitute a large proportion of my readers (namely, students of marine 
natural history and others who may have opportunities of taking soundings), 
the bathymetrical distribution of both the animal and vegetable creation, down 
to those depths which it has heretofore been customary to regard as azoic. 

The late Professor Edward Forbes was the first to point out that the various 
species of marine animals and plants inhabit distinct successive zones or belts, 
commencing with high-water mark and extending downwards, as he himself 
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defines them, ^^to the deepest abysses from which liidng beings have been 
extracted." There axe four of these zones in the European seas, each of which 
is marked and may at once be recognized by typical organisms or groups of 
organisms peculiar to it and to it only. Some organisms, however, are common 
to all the zones, whilst others are only common to two or three. 

The first or littoral zone is that which extends between tide-marks, whether 
the rise and fall be one foot or fifty. 

The second or Tiaminarian zone extends from low tide-mark to a depth of 
about 15 fathoms, and forms the great centre of sea-weeds, ^^ fishes, moUusks, 
Crustaceans, and Invertebrata of all classes, remarkable for the brightness and the 
variegation of the patterns of their colouring." 

The third or Coralline zone reaches down to a depth of about 30 fiftthoms 
below the limit of the TAminarian zone. Here both vertebrate and invertebrate 
animals are abundant, but plants become scarce. 

The fourth or deepest, namely, the deep-coral zone, extends towards that abyss 
where, to repeat Professor Forbes's words, ^' life is either extinguished or exhibits 
but a few sparks to mark its lingering presence." It may be said to reach down 
to a depth of from 300 to 550 fathoms in different latitudes, although, according 
to Forbes's observations, its limit falls short of either of these estimates*. 

It will be observed that the vertical limits of each of these zones increases 
with the depth ; so that whilst the upper has a depth of only a few feet, the 
lowest ranges from 100 to 300. '^ Specific animal forms," writes Mr. Austen, 
^^ decrease rapidly; and just as the sub-aerial zones of v^etation present 
us at last, as we ascend, with only such forms as lichens, so at depths of from 
70 to 100 fathoms we have the obscure Nullipores as the extreme forms of 
marine vegetation "f . 

I shall hereafter show that, at depths vastly exceeding those above alluded to, 
animal life is abundantly represented; and, as already stated, although the 
crowning evidence still remains to be elicited in the case of the Foraminifera and 
Polycystina (namely, vital movements after being brought up from the searbed), 
such evidence has already been elicited in the instance of creatures of a far 
higher order, namely, radiate animals — ^facts being forthcoming to prove that 

* See ' The Natural History of the European Seas/ by the late Professor Edward Forbes, p. 24 
et seq. t Ibid. p. 189. 
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their normal habitation is in the deeper abysses of the ocean, whilst piesumptiTe 
evidence of the vitality of the Foraminifera with which they are associated is 
afforded by the remains of these having been detected by me in the digestive 
cavities of the radiate creatures in question. 

Assuming these facts then for the present, we have to modify to a considerable 
extent the usually received views regarding distribution and duration of species, 
to which attention has abeady been drawn. 

Since we know that similar climates and conditions of the earth's surfiace do 
not necessarily involve the presence of the same kinds of oi^anized beings, and, 
on the other hand, that the association of similar forms does not involve the 
existence of a similar climate, we are justified in supposing that a^nimnlft of the 
same species (that is to say, originating from one specific progenitor), now 
living under widely different conditions as to climate, have gradually become 
habituated to the transition from one set of conditions to the other, during the 
lapse of extended periods in which alterations in the distribution of sea and land, 
of sufficient magnitude to have produced these climatal differences, have taken 
place. 

But it appears to me that this inference is warranted, whether we accept the 
doctrine of single specific centres or that of the transmutation of species, since 
it is conformable with all that is known of the duration of species to believe that 
the period requisite to effect marked modifications in their characters is brief^ in 
comparison with that which is included between their first appearance on earth 
and their final disappearance from it, and, hence, that the duration of any given 
form may be regarded as often extending beyond the period occupied in any 
single change in the distribution of land and sea. For it is evidently unphiloso- 
phical to suppose that a species, once fairly established, should disappear from 
the face of the earth before it had passed through that specific life which is as 
essentially a law of nature as the life of the individual — and tantamount to an 
assertion that creation is without a purpose, and under the infiuence of accidental 
agencies. 

Whatever views may be entertained regarding the origin of species, it is 
universally admitted that they are associated together in distinct groups, each of 
which is typical of the zoological province in which it occurs, in the same 
manner that certain species are typical of each group—the same group and the 
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same species never being repeated either in space or time, and the same species 
never appearing in two or more provinces, except as an emigrant from its genetic 
centre. By what laws the adaptation of particular regions for particular species 
is determined we have at present no means of ascertaining, inasmuch as the 
existence of similar climates neither involves the presence of similar species, nor 
is the presence of similar species necessarily associated with the existence of 
similar climates. 

But whilst the distribution of living animals and plants has already been 
defined throughout the entire terrestrial portion of the globe with a close 
approach to accuracy, our knowledge of the distribution of the inhabitants of the 
ocean has been almost entirely restricted to coast-lines, and even as regards these 
we have no systematic information beyond European seas. The great zoological 
provinces of the open ocean may therefore be regarded as unexplored, save in the 
case of a limited number of free-floating organisms ; and, as a natural conse- 
quence of the antibiotic view respecting its deeper abysses, the entire submarine 
provinces of life, vast and varied as they must be if life be there present at all, 
remain as yet a terra incognita. 

In our endeavours to trace the distribution of the lower microscopic forms of 
animal and vegetable life, the difficulties are still frirther enhanced owing to the 
greatly increased liability to diflusion by accidental causes, and a large propor- 
tion of the entire series having thus become common to every portion of the 
globe. Nor is this world-wide dispersion confined to recent species; for, as 
shown by Ehrenberg, it extends to many fossil forms. Amongst the Foramini- 
fera, living species still abound in our seas which flourished in the ancient seas of 
the Mesozoic period, long before any of the now living species of the higher 
orders of the animal kingdom had as yet made their appearance on earth. The 
same universality of distribution is to be observed amongst the Folycystina, and, 
on the vegetable side, amongst the Diatomaceee and Desmideacese, although in 
the fossil condition the two former have not hitherto been detected so far back 
in time, and the latter are altogether unknown *. When the extremely minute 

* It has been customary to r^^ard certain minute spinous bodies in the Cretaceous flints as 
sporangial ceUs of BesmidiaceeB. The Bev. J. B. Eeade was the first to draw attention to these bodies, 
in a paper published in * The Annals of Natural History ' for 1838. Subsequently they were detected 
by Mr. Deane in the substance of the Chalk itself, and were shrewdly surmised by him to be of animal 
origin (Trans. Microeoop. Soc 1849, vol. ii.). In 1851, and again in 1857, the organisms referred to 
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and fragile nature of the Desmidiace® is taken into consideration, this is hardly 
to be wondered at ; but as regards the Folycystina and Diatomaceee, it is &r from 
improbable that we only fail to detect them owing to the presence, in both fresh 
and salt water, of substances which unite with and thus obliterate all trace of 
their siliceous structures. Should this surmise be correct, • fossil representatives 
of these organisms may yet be found whensoever an ancient sea, lake, or river-bed 
shall present itself which has been so suddenly upheaved by subterranean force 
as to have been denuded of its waters before chemical combination could take 
place*. But, even without this additional fact, we have ample proof that the 



were detected by me in the material obtained from the stomachs of ^Sii^pce inthe Indian Ocean and mid- 
Atlantic ; and although at the time regarded by me as true pelagic representatives of the Desmidiace» 
and Biatomacesd, more recent observation has convinced me that, in the case of the former, the resem- 
blance is one merely of form and not of structure, the Xanthidium-like bodies being distinctiy of 
animal origin. 

* Since tiie above observation was put in type, a short notice has appeared in the * Oeologist' for 
June 1862, which, in a great measure, confirms this surmise. It is there stated that, in the *' horn- 
stone nodules of the Devonian and Silurian rocks of New York, organisms similar to, and probably 
identical with, those which occur in the Cretaceous flints and the Chalk itself, have been detected by 
Professor Dana and Dr. M. C. White." As the importance of this fact is in reality hr greater than 
at first sight appears, I subjoin an extract from a paper, detailing my reasons for doubting the vegetable 
origin of the organisms in question, published by me in the ' Quarterly Journal of Microscopical Sdenoe ' 
for October 1860, *' On the Siliceous Organisms found in the Digestive Cavities of tiie Salpffi " : — 

'' The history of the fossil Xanihidia of the Cretaceous flint nodules has hitherto been beset with a 
most perplexing difficulty. Apart from the much-vexed question as to the manner in which the 
siliceous element of the nodules became aggregated into masses, so as to enshroud these structures, the 
occurrence of oiganisms, held to be strictiy inhabitants of fresh water, in deposits of unquestionable 
marine formation, presented an ample field for discussion and conjecture. The DesmidiacesB, of 
which family the Xanthidia constitute the sporangia, are thus described by Mr. Eal& : * AH the 
family are inhabitants of fresh water. Mr. Thwaites, indeed, has gathered two or three species in 
water slightiy brackish ; but the same species are also found in localities remote from the sea. Certain 
marine objects that have been classed with the Desmidieae have the iutemal matter of a brown oolour^ 
but these belong to the Diatomacead.' — Balfs, ' British Desmidieas,* Introd. p. 2. 

** In order, therefore, to account for their occurrence amongst purely marine deposits, it was deemed 
necessaiy to assume that they had been washed down by rivers or floods, or transported by winds from 
the land to the sea, where, after gradually subsiding, they became incorporated with the siliceous 
material in which they were found imbedded. The tough, semi-homy texture of their outer covering, 
and well-known power of withstanding extreme climatic changes, seemed to frivour this idea of their 
indestructibility, even under conditions so opposed to those in which they originally lived. But the 
explanation was, at best, unsatisfactory. 
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lower the organism in the scale of being, the greater is its nmnerical intensity, 
the more universal its distribution, and the longer its duration in time, — one and 
all of these characteristics being dependent, not on increase of power to with- 
stand destructive influences, but on decrease of sensibility to them. 

It is well known that the geographical distribution of terrestrial life is mainly 
dependent on dimate, that is to say, on the several agencies which modify the 
condition of the atmosphere and the earth's surface in different latitudes. These 
agencies are temperature, elevation, amount of moisture, carbonic acid and 
accidental gases in the atmosphere, configuration of sur&ce, and light. If we 
turn to the ocean, we find that similar or at least equivalent agencies determine 
the distribution of the creatures that inhabit it. The following Table will serve 
to illustrate the relation of these agencies in the two cases, their aggregate values 
being empirically estimated at 1000 : — 

Land, Sea, 



Elevation above sea-level 
Barefaction of air 



Temperature of air 400 

I 200 

Amount of moisture in ditto 100 

Carbonic-acid gas in ditto 1 ^^ 

Ammoniacal and accidental gases in ditto J 

Configuration and composition of sur£EU» . . 150 

light 100 

Total.. 1000 



Temperature of water 350 

Aeration of ditto 300 

Depth below suifaoe 1 ^^ 

Amount of pressure J 

Carbonic add in water 1 ^-^ 

Saline constituents in ditto J 

Configuration and composition of bottom . . 50 

Amount of light 50 



Total.. 1000 



<' The discovery of two well-marked varieties of Xanihidia, in a recent state, amongst the alimentary 
contents of the Salpa:, was therefore fraught with no slight interest. From the condition of their 
endochrome it is certain they had but recently been inclosed in the cavities of these creatures ; and 
from the situation in which they were discovered, it is equally certain that they could not have been 
derived from fr^hwater sources by any of the agencies above referred to. But whether or not these 
bodies are the sporangia of genuine pelagic De$m{diaeecBy they certainly exhibit an identity of appear- 
ance and structure with the fossil forms, too striking to admit of question. The probability, however, 
of their being true pelagic representatives of this family is greatiy enhanced by the occurrence, in the 
same material, of bodies closely resembling the Closteria, These have only been met with sparingly, 
and it has been impossible, therefore, to determine their natiure with certainty. But the strongest 
evidence in favour of their identity with the fossil Xanthidia is derived from their association, in the 
recent state, with other organisms, such as Diatamacece and Foramimfera, whose fossil remains, in 
like manner, occur associated with them in the flints. The question as to their being true sporangia 
of DesmidiacM! becomes, therefore, of secondary importance." 
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Although the temperature of the ocean is much more equable than that of 
the atmosphere, there is good reason to believe that its waters are susceptible of 
climatic changes of a very important nature as r^;ards their effects on the dis- 
tribution of life. No doubt these changes are more frequent and less lasting 
near the surface, and hence operate more markedly on the creatures that inhabit 
the superficial zones ; but it must be borne in mind that the very nature of the 
conditions, dependent as they are principally on the reciprocal action of the 
atmosphere and water, presupposes a different set of conditions as the depth 
increases, and, hence, that a limit is speedily attained, beyond which the sudden 
advance of creatures living above or below becomes at once injurious to them. 
It is only when we regard the comparatively insignificant stratum of water to 
which animal existence has heretofore been supposed to be circumscribed, that 
the capacity of the ocean for the maintenance of life falls short of that which we 
are in the habit of ascribing to the atmosphere ; and the moment it is recognized 
as a fact that animal life, instead of being confined to the few hundred super- 
ficial fathoms, reaches down into the deeper abysses, it becomes evident that the 
vertical limits above and below the searlevel are in reality almost coequal. 

Although any attempt to construct a bathymetrical plan of the deeper zoological 
zones of the ocean would at present be premature, the data in our possession 
are nevertheless sufficient to warrant the inference that, where a few living forms 
have been detected, nimierous others exist ; and, accordingly, the construction 
of such a plan may be regarded merely as a question of time and scientific 
research. There may be blank areas on the sea-bed, as there are unquestionably 
blank and uninhabitable areas of land ; but, again, assuming that the conditions 
are not of a nature to render life impossible, we are warranted in taking for 
granted that these areas are no greater in the one case than in the other. '^ The 
history of our own seas and of all seas," observes Mr. Godwin-Austen, ^' teaches 
us that there is a law of proportion in the classes and orders of the living things 
that dwell there, and that the presence of one form is safe ground of inference 
as to the co-existence of countless others " *. Higher authority than this we 
could not have ; for, although the doctrine thus enunciated bears reference to 
the distribution of life apart from that of the deep sea, it must be admitted that 
the same general application of the laws of nature, for which Mr. Austen is so 

* * Natural History of the European Seas/ p. 247. 
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staunch an advocate, is admissible in the present instance the moment the 
existence of one living form in the depths of the ocean is incontrovertibly 
proved. 

Although temperature is the most important element in determining the 
climate of a region, its independent influence (that is to say, the temperature of 
a locality as due to its geographical position only) is subject to great modifica- 
tion from collateral causes — ^namely, the degree of elevation above the sea-level, 
the amount of humidity present in the atmosphere, the prevailing winds, and 
the surfaccK^onfiguration. These all act reciprocally on each other, and in 
certain cases produce such alterations in the climate within the same area as 
would result from a complete change of geographical situation. Thus, at a given 
height on the mountain-ranges of equatorial countries we find a r^on of 
perpetual congelation, and in descending from that elevation towards the sea^ 
level there occurs every variety of temperature, from arctic cold to tropical 
heat ; the various zones being distinctly marked by the character of the vegeta^ 
tion they are adapted to support 

If we turn to the ocean, we find its climates are dependent, in like manner, on 
causes which modify its temperature, namely, the temperature of the superin- 
cumbent air, the prevaiUng currents, and, to a limited extent, the configuration 
of its bed, — ^the currents, like the winds on land, serving to equalize the heat and 
prevent stagnation ; whilst, in shallow waters, the nature of the bottom serves to 
modify the force and direction of the currents, and, both in shallow and in the 
deeper portions, it exercises a powerful influence in determining the kind and 
the distribution of the creatures that dwell upon it. 

It is well known that in every latitude, commencing from the confines of that 
portion of the polar area within which the temperature is said never to rise above 
freezing-point* and extending to the equator, there exists a belt of atmosphere 
of varying thickness, which marks the oscillation of the line of perpetual conge- 
lation during summer and winter. It is obvious that the upper boundary of 

* It has been cnstomaiy to assome that at about the 75th degree of latitude the line of perpetual 
congelation ia coinoident with the sea-level ; but, aooording to Sir John Bichardson^ this does not 
accord with obseryation in the Northern Hemisphere, there being *^ no Arctic district to which man 
has as yet penetrated in which, there is a permanent covering of snow through any wide extent of 
low country."— See < Arctic Searching Expedition/ by Sir J. Richardson, C.B., F.R.8. London, 1861 : 
▼oL ii. p. 213. 





'98 THE BATHYUETRICAL LIMITS OF LIFE IN THE OCEAN. 

this belt, if traced along any given meridian, would be coincident with the sea- 
level in the first of these positions, whilst it would attain its maximum elevation 
above the sea-level in the last ; or, taking the mean of such oscillation, that an 
arc of a circle might be described somewhat nearer to the level of the sea than 
the upper margin of the belt, which would denote the mean annual altitude of 
the snow-line. 

Inasmuch as the temperatures of the ocean and atmosphere are in a great 
measure mutually dependent on each other, and both derive their heat from 
the same sources, we might naturally expect to find a line of uniform tempera- 
ture in the sea which would bear some evident relation to that in the atmosphere ; 
and such is the case, although the space above and below these respective 
boundary-lines is subject to widely different laws. Thus, in the ocean we meet 
with an isothermal curve, which attains its maximimi depth below the surface at 
the equator, and is coincident with the searlevel (that is to say, rises to the 
surface) in lat 56^ 62', dipping down again as it advances from that point to 
the pole. Although this isothermal curve is liable to slight oscillation from 



similar causes that bring about the oscillation of the aerial belt, the variation is so 
small as to be hardly perceptible ; and accordingly, a series of two larger and 
two smaller arcs, described along any given meridian, will represent the Une of 
uniform temperature of the sea with sufficient accuracy for present purposes. But 
whilst the temperature of the atmosphere beyond the line of perpetual congelation 
goes on gradually decreasing*, that of the water below the isothermal line remauis 
constant to the bottom. Were it not for the operation of the law on which the 
latter phenomenon depends, the entire ocean would long since have become soli- 
dified and both sea and land rendered unfit for the habitation of living oi^ganisms. 
Unlike other bodies which expand and become lighter with every rise in tempera- 
ture, water attains its maximum density, not under the lowest dc^ee of cold, but 
at B9°*5 Fahr. ; and consequ^itly, as soon as the superficial layer of sea is cooled 
down towards this degree, it descends and allows a fresh portion to ascend and 
be in turn cooled. This process is continued until the whole upper stratum is 
reduced in temperature to 39^*5, when, instead of contracting further, it 
begins to expand and get lighter than the water beneath, fioats on it, becomes 

* According to M. Fourier, the tempeiatuie of the ethereal regions has been estimated at —60° F., 
whilst M. Pouillet estimates it at —220° Fahr. (Somerville's * Physical Geography/ vol. ii. p. 330 
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further cooled down, aod at 284"* is converted into ice. In this state, having 
airived at its maximum lightness, its position remains unchanged ; and being a 
bad conductor of heat, the circulation between the superficial and lower strata 
ceases and thereby prevents the congelation of the entire body of water, which 
would take place did the denmty increase indefinitely with the decrease of 
temperature so as to permit of 
congelation commendug from the 
bottom instead of the sur&ce of 
the sea. 

Thus, under the operation of an 
apparently exceptional law, the 
equilibrium of the oceanic circular 
tion is maintained ; for whilst at 
the equator the mean temperature 
of the sur&ce-layer of water, which 
is 82°, gradually decreases until at 
a depth of 1200 &thoms it be- 
comes stationary at 39°-d Fahr., 
and retains that temperature to the 
bottom, within the polar r^ons, 
and extending to lat. 56** 25' in 
either hemisphere, the temp^nture 
increases ^m the surface down- 
wards to the isothermal line, be- 
yond which it remains unifurm as 
in the former case. Hence in hit 
66° 26', the temperature is uniform 
the whole way &om the surface to 
the bottom, and, as has been found 
by observation, about lat. 70° the 
isothermal line occurs at 760 £t- 
liioms below the surface. The 
annexed diagram will ^ve a general 

* The freezmg-point of salt wat«r. 
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idea of these two isothermal curves, and also of the temperature of the 
water from surface to bottom, in the locality at which the Star-fishes were 
captured, — a most important feu^t, to which I shall have to refer particularly 
hereafter. 

Although a certain amount of heat is constantly being given off from the 
interior of the earth, its quantity is so small as to exercise no perceptible 
influence on climate. On the other hand, the quantity of heat annually received 
from the sun, and upon which the temperature of the earth's surfiEU^e may be 
said entirely to depend, is so great that, were an equal amount not radiated into 
space, the temperature would very speedily become insupportable. The quantities 
given off from the first of these sources, and received through the last, have been 
computed by M. Peltiers and M. Elie de Beaumont with reference to their capa* 
bility for dissolving a certain bulk of ice, — it being computed that the quantity 
of central heat which reaches the surface of the earth in the course of a year 
would suffice to melt a layer of ice a quarter of an inch in thickness, covering the 
entire globe, whereas the quantity of heat received directly from the sun in the 
course of a single year would suffice, in a like period, to melt a layer of ice 
46 feet in thickness, covering the same area. But, notwithstanding the amount 
of solar heat thus imparted to the earth, its influence does not extend deeper 
under the surface than from 60 to 90 feet ; whilst below this point there is a 
r^;ular increase of temperature, arising from the earth's central heat, amounting 
to 1*^ for every 55 feet of descent. 

It follows that, at any given depth of sea-bottom, the heat emanating from 
the earth's centre is the same as would occur at the same depth of solid crust, 
but that, owing to the rapidity with which the temperature communicated is 
diffused through the entire mass, all accumulation of heat is prevented. Hence, 
although the line of uniform temperature in the ocean is unquestionably 
modifled to a certain extent by the heat received from below, its depth below 
the surface is entirely regulated by the amount of solar heat absorbed, coupled 
with the amount of radiation, incident on the degree of latitude. In shallow 
seas or along coast-lines, where the disturbing action of tides, currents, and 
inequalities of the bottom is felt, as a matter of course, the isothermal line 
vanishes, and the temperature of the various vertical zones of water is deter- 
mined by a new set of conditions. 
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For these reasons, whilst temperature may justly be regarded as the most 
important element in regulating the distribution of life within the bathymetrical 
limits hitherto insisted on as extreme, it becomes highly probable that, in those 
profounder abysses, extending from a quarter of a mile below the surface to 
depths yet unfathomed by the sounding-machine, this uniformity constitutes the 
pre-eminent condition of animal existence, and that a number of creatures 
formed to live under it will yet be found equally distributed throughout the vast 
area of the sea-bed. 

It has long since been ascertained that the number of types, as also of genera 
and species, of the animal and vegetable kingdoms materially diminish as we 
advance from equatorial to polar regions; and hence this decrease cannot be 
regarded otherwise than as indicative of dependence on reduction of temperature. 
Until a little more is known of the deep-sea fauna, it would be injudicious to 
speculate on the relative numerical proportion of its members in different 
latitudes. But we are warranted in assuming, even from the scanty data already 
at our command, when taken in conjunction with the established uniformity of 
climate prevalent through the length and breadth of the deep-sea bed, that no 
such marked variation exists as that just referred to in the case of the terrestrial 
and the superficial marine fauna. And frurther, if it be legitimate to estimate 
the profrision of deep-sea forms generally by the number of individuals belonging 
to the same species which were brought up from a single spot of the scabbed, 
there is every reason to believe that it falls short in no degree of that observable 
amongst species frequentiing the superficial zones. 

It is a very significant fact, and one the importance of which was fully appre- 
ciated by Edward Forbes and Professor Loven, that the greatest profusion of 
typical Invertebrata is to be met with, not in the superficial, but in the deeper 
zones of the Arctic and Boreal provinces, and, moreover, that the downward 
range of the four bathymetrical zones is much more extended than in the Celtic 
or Lusitanian provinces. Want of time and opportunity unfortunately prevented 
me from carrying out my intended series of observations on the bathymetrical 
range of the Greenland Invertebrata ; and, as noted in my diary, my dredgings 
at Goodhaab were altogether confined to the fiords near the anchorage, where 
the depth of water did not exceed 200 fathoms. But even this limited experi- 
ence left no doubt on my mind that the abundance of some of the forms met 
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with Mlfi far short of that which occurs throughout the next 100 or 200 fitthoms, 
inasmuch as the number of individuals regularly increased down to the greatest 
depth reached by the dredge. On the other hand, there was a distinct decrease 
both of animal and vegetable life in that stratum of surface-water which corre- 
sponds to the littoral and laminarian zones of the southern provinces. In the 
shallow channels which, here and there, form the communication between 
adjoining fiords, the various species were scantily represented ; and from the 
immense masses of decayed Algee interspersed amongst those in the full vigour of 
Grreenland summer growth, it is evident that the alternation of seasons, either 
directly by change of temperature or indirectly by the production of so much 
fresh water, must exercise a more hurtful effect than it does where the climate 
is milder and more equable. In the fiords themselves, both of Labrador and 
Greenland, where the marginal depth ranges at once from 10 to 20 fathoms, the 
growth of Algae is more or less absent near the surface, and only commences at 
the point at which in other latitudes it usually ceades. 
The subjoined is the general result of my few dredgings at Goodhaab : — 



From 50 to 100 foUhonu. 


From 100 to 200 fcUhoms. 


Ceustacea. 


Cbubtacba. 


HyiiB arenana. 


Hippolyte polaria. 


Gammams arcticaB. 


MOLLTJBGA. 


Caprella linearis (on Algs). 


Hiatella arctica. 


MOLLUSGA. 


Cardium GhraBnlandicam. 


Acmea testadinalia. 


Pecten ialazidicain. 


Chiton marmorens. 


pectinatiim. 


Natica Oroenlandioa. 


Uytilus edolia. 


lima Subanriculata (East Coast in aonnding) . 


Trophon Fabiicii. 
Gkmmeri. 


TUNIOATA. 


Margarita striata. 


Boltenia picta, n. s. ? 


Yolutomitra Groenlandica. 


ECHINODEBXATA. 


Aatarte elliptica. 


Echinaa sphmra. 




n^lecta. 


Ahnelida. 


Ophioooma bellia. 


Pectiiiaria. 


grannlata. 


Spio. 


Goodfliri. 


CirratoloB. 


Ophiura teztorata. 


Syllifl. 


Solaater papposa. 


TerebeUa. 


AvKHLini. 




Seipnla contortuplicata. 


COTXIDiB. 


Terebella (several species). 


CottdB gladalii (Bich.). 


SprorUs comxnnnis. 
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Connectmg the increased downward range of the organisms here named with 
the prevailing temperature at the sor&ce and the subsidence proved to have 
taken place along the western coast of Greenland, it appears difficult to r^;aid 
them otherwise than as cause and effect, and as indicating the first step towards 
that tolerance of extreme conditions which we have hitherto been taught to 
consider impossible. 

Again, according to Mr. M' Andrew, there is a distinct tendency of northern 
forms to inhabit deeper zones as they approach the equator, — a very remark- 
able example having been adduced by that gentleman in the distribution 
of the Testacea at Mogadore, on the West Coast of Africa. Thus, out of 110 
species, about one-half of which range north as far as our own coasts, 88 were 
found at depths not exceeding 30 fathoms, and amongst these were all the 
characteristic African and Lusitanian species ; whilst out of 22 species obtained 
at depths varying from 35 to 50 fathoms, all but six were well-known British 
shells *. 

Excessive cold is undoubtedly the chief antibiotic of the polar and sub-arctic 
regions. The thick belt of ice which hangs about the shores of Greenland and 
Labrador for at least eight months out of every twelve, and which, on its breaking 
up, clears the rock-surfaces of a great portion of their fixed animal and vegetable 
forms, fully accounts for the barren aspect of the littoral and Laminarian zones, 
except in the shallow channels above alluded to, and along projecting spits where 
the inclination is so gradual as to prevent the dose approach of the heavy ice. 
Both near Ooodhaab and Julianshaab, and also on the Labradcnr shores, the 
entire absence of every trace of animal or vegetable structure along the more 
exposed tracts was very remarkable ; and, in addition to this, the rocks themselves 
were worn down and polished to a much greater extent than could have been 
effected by wave-action or weathering alone. There was no indication, however, 
of the increase of littoral animals or plants having been permanently arrested, or 
of actual death having ensued, from any degree of cold short of protracted conge- 
lation. The healthy condition of the fixed oi^anisms obtained from a depth in 
the fiords just below the limit of annual congelation, and the absence of the 
disintegrated masses of AlgsB which must have been observable had they been 
involved in it, attest this hct; and, as already stated, a very remarkable 

* 8ee ^NatniBl History of the European Seas/ p. 217. 
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example of the endurance of cold was afforded by the Medusidae and Beroids, 
which were seen, during calm weather in the fiords, disporting themselves in the 
closest proximity to the ice-masses. Nevertheless, it is evident that there is a 
bound to this endurance for each kind of organism, inasmuch as a number of 
dead specimens of the beautiful little Spirialia were brought up, off Cape Fare- 
well, from a depth of 1177 &thoms, the soft parts and fragile shells of which 
were in such a perfect state of preservation as to render it evident they had 
perished amongst the ice and subsided to the bottom after death ; whilst the 
extremely rare appearance of Spirialis and the more common Gymnosomatous 
Pteropods at the surface, during the entire period of our cruise in the Greenland 
seas, clearly pointed to the abnormal influences that had there presented themselves^ 

The effect of extreme cold, or indeed of any degree of cold greatly in excess 
of that which is habitually borne by animals and plants inhabiting different 
latitudes, first retards growth, then restricts it, and, if sufBiciently protracted, 
causes death. The same may be said regarding the effects of extreme heat ; but 
there is good ground for the belief that creatures indigenous to a cold r^on 
can endure with impunity much greater vicissitudes of temperature than those 
indigenous to a warm region ; that is to say, a creature living in the sea where 
its temperature is 40"" Fahr. could sustain an increase of 40"" with greater safety 
than a creature living where the temperature is 80° could sustain a decrease of 
a like extent Or, to put another hypothetical case, if an arctic and a tropical 
species were respectively placed under the conditions most congenial to them, 
and then subjected, the one to a great and sudden increase, the other to as great 
and sudden a decrease of temperature, the arctic species would, in all proba- 
bility, suffer the least 

But the most important point in favour of the arctic over the tropical 
species remains to be noticed, and it is as follows : — ^Assuming that no arctic 
species, under any circumstances, is subject to a wider range of temperature 
than that between the freezing-point of salt water (namely, 28^^ Fahr.) and the 
mean temperature of the ocean (namely, 39^*6), it is obvious that, if accidentally 
transported to any distant region, it can at all times command the latter tem- 
perature by migration to a deeper zone ; and accordingly, if we put pressure out 
of the question (as I shall immediately endeavour to show we can do without 
infringing a single condition of marine existence), there is no bathymetrical 
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limit to animal life in the ocean beyond that depending on the presence of the 
necessary food. But in the event of a tropical species being accidentally transported, 
say to the Boreal province, it follows that if it survive at all, it can only do so by 
accommodating itself to a change of temperature very nearly three times as great 
as in the former example. These are undoubtedly extreme cases, but they are 
nevertheless possible ones ; and I desire to draw attention to the very remarkable 
inference that may be deduced from them, namely, that whereas migration from 
the equatorial towards the polar regions is beset with extraordinary difficulty, 
and hence tends towards that concentration of surface-life which is known to 
occur in the former of these, migration from the polar regions towards the 
equatorial presents hardly any obstacle. Why then, it will be demanded, do we 
not find arctic forms in tropical waters 1 Because, from the very nature of the 
conditions, the migration must take place along the deep homothermal sea — 
that great highway extending from pole to pole, which is for ever closed to 
human gaze, but may, nevertheless, be penetrated by human intelligence*. 

If the arguments in support of what has been termed the antibiotic view be 
carefully scrutinized, they will be found to rest almost exclusively on the nega- 
tive evidence afforded by the enormous pressure present at the bottom of the 
ocean. For, although the decrease of light, of aeration, and of the ordinary 
sources of food was regarded as contra-indicative of '' any kind of life analogous 
to that with which we are acquainted,'' apart from the operation of pressure, 
there is nothing in these conditions to render life impossible. It had not 
been taken into consideration that the more recently devised appliances for 
bringing up the material from the sea-bed were singularly unfitted to secure any 
living creature larger or more specialized in structure than the Bhizopod, even 

m 

if present, and, hence, that the mere drcumstanoe of failure to capture creatures 
of higher type afforded no proof whatever of their non-existence ; whilst by a 
retrogressive kind of reasoning it was maintained that the Bhizopod could not 

* To Sir James Boss is due the merit of having been the first to catch a glimpse of the relation 
subsisting between the belt of uniform temperature, so admirably explored by him in the Antarctic 
seas, and the migration of deep-sea species. For, although he based his inferences, as already 
stated, on observations made during the Voyage of Discovery to Baffin's Bay in 1819, and which 
were regarded by naturalists (without a single exception, as far as I am aware) as unsupported by 
sufficient evidence, his ficdth in those observations was as natural as the incredulity of the scientific 
world was ilHberal. 
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live at extreme depths, siinply because it exhibits no trace of active vitality after 
being dragged from a normal to an abnormal element. 

Again, false analogies were advanced to show what would be the effect 
of the stupendous pressure known to prevail at the bottom of the ocean on 
creatures constituted to exist under a totally different series of conditions* 
Thus, the collapse of the air-bladder in some fishes, the disembowelment of 
others, the inconvenience experienced by persons when carried down only a few 
fathoms in the diving-bell, the long and arduous training undergone by the 
pearl-fisher, the hackneyed experiments on submerged logs of wood and legs of 
mutton, and, lastly, the fact that limestone could be fused under the pressure 
present without parting with its carbonic add, have one and all been more or 
less emphatically dwelt on and hauded down from writer to writer, until, like a 
troubled dream which the mind finds it difficult to shake off, a fictitious belief 
in the analogy of the cases was engendered. 

To air-breathing terrestrial auimals the diminution of pressure accompanying 
increase of elevation above the sea-level stands in the same relation as the 
increase of pressure attendant on augmented depth does to water-breathing 
creatures in the ocean. Every one is aware that, at the level of the sea, the 
pressure of the atmospheric column upon every square inch of surface is equal to 
14^ lbs., and, hence, that the pressure distributed over the body of an average- 
sized man amounts to about 33,600 lbs., or nearly 16 tons. Now, since at an 
elevation of 18,480 feet the weight of the superincumbent column is reduced 
one-half, according to the law of the expansion of gases, these 14^ lbs. would be 
reduced to 7^ — a degree of rarefication which is constantly undergone by 
travellers without danger and but a very moderate degree of inconvenience if 
gradually encountered, and not greatly in excess of that present in the great 
mountain-ranges of tropical America and Asia, where we meet with flourishing 
cities and villages, surrounded by abundant cultivation*. It is obvious, therefore, 
that the human frame, endowed as it is with an unparalleled degree of com- 
plexity and susceptibility to external conditions, may nevertheless thrive for any 
length of time in an atmosphere so rarefied that the too abrupt transition to 
it from the searlevel would be attended with serious if not fatal consequences. 

* Quito IB sitaated at an elevation of 10,000 ft. above the sea-leveL The Potoei mines, on the table- 
land of Bolivia, occur at 16,000 ft. Some passes in the Himalayah have an elevation of 20,000 ft. 
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In the Condor of the Andes we have a notable example of the power 
possessed by the Vultures to accommodate themselves to rapid changes of atmo- 
spheric pressure. Humboldt describes this bird as soaring for protracted periods 
at an elevation of 18,000 feet ; and it is known to live and breed at from 10,000 
to 15,000 feet. I have myself seen the common Eagle of the Himalayas soaring 
for hours at very little short of the same height. Fishes abound in mountain- 
lakes up to 13,000 feet; whilst there is no elevation, short of the limit of 
perpetual snow, at which the microscopic forms both of the animal and vegetable 
kingdoms do not habitually live ; and it is highly probable that, in the latter 
case, it is the diminution of temperature, and not the increase of rarefaction of 
the atmosphere, which determines their ascending limit. 

Again, plants flourish at very great height& In Chili and Peru, wheat grows 
abundantly up to 13,000 feet ; in Mexico, the limit of trees and shrubs is said 
to be 13,000 feet also ; whilst in the Himalayas, as recorded by Captain Gerard, 
the Genista^ a kind of broom, is to be met with at from 17,000 to 18,000 feet 
above the level of the sea. 

Assuming then 18,000 feet to be the extreme 
vertical limit of plant-life above the sea-level, 
and 400 fathoms, or 2400 feet, as its extreme 
limit below, and, at a moderate estimate, 2500 
fathoms, or 15,000 feet, as the limit in depth 
of animal existence in the ocean, and 20,000 
feet as the extreme altitude which any animal 
can encounter above the sea-level, we obtain -i 
a total vertical range for plants of 20,400 feet, § 
and ' for animals of 35,000 feet. Hence the ^. * 
ratios are as follows : — 
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It has been pointed ont, at a previous page, that temperature is the most 
important as well as the most uniformly operating condition in the distribution 
of terrestrial animal life, and, moreover, that it exerts an equivalent influence on 
marine life. When, however, we estimate its effects on the bathymetrical 
distribution of animals and plants in the ocean, we find them to be extremely 
unequal ; for, whereas marine organisms are now known to exist at a depth of 
at least 15,000 feet below the surface, no vegetable structures with which we 
are acquainted have been met with in a living state lower down than 2400 feet. 
But, although it would be premature, with our present knowledge of the 
deep-sea bed, to assert that this limit may not be considerably exceeded, 
there is every reason to believe that, beyond that depth, a boundary is 
rapidly attained at which a condition absolutely essential to plant-life in the 
ocean fails, and hence renders its downward extension impossible. That condi- 
tion is light 

The two next conditions are elevation above and below the sea-level. A 
small representative value is assigned to these, because, although associated 
with the hitherto subtle and imexplained influences which at times determine 
the appearance of certain creatures in certain strata of the atmosphere, and 
also of certain creatures in certain bathymetrical zones of the ocean, there is no 
ground for the supposition that, jper se, they exercise any effect of the kind. 
What these influences may be, there are at present no data whereupon to 
form a conjecture, since they have hitherto been recognized only by their 
results. It is clear, however, that they are not due to temperature, since the 
same temperature at different periods does not produce similar results on the 
organisms in question. In like manner, they are not attributable to rarefaction 
or pressure, since under a similar amoimt of pressure or rarefBu^tion the same 
phenomena do not necessarily occur. It is possible, and even probable, as 
regards the ocean, that they may be in some way connected with the amount of 
light present, inasmuch as light exercises a marked influence on the appearance 
and disappearance of life near the surface of the ocean, and of certain animal 
forms in given strata of the atmosphere. But even here we meet with the same 
inconstancy of action as in the former cases, as shall be shown hereafter — several 
new and highly interesting facts tending to show that, whilst a certain quantity of 
light is absolutely indispensajble to the growth and colour of certain plants, it is 
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by no means essential either to the growth or to the colour of the animal forms 
of the ocean. 

It is obvious that rarefBu^tion of the air, in the main, implies elevation above 
the sea, and attendant decrease of temperature ; but it also involves something 
more, since we find certain birds, as for example, the Tropic-bird (Phaeton), 
almost invariably flying at a great elevation, even in the calmest weather. 
Here temperature can exert no influence; for, were the object to be attained a 
reduction of temperature, the bird would naturally frequent cooler latitudes, 
further removed from the equator than those it is usually found in. From the 
structure of the head and beak, the " Tropic-bird " is clearly an animal-feeder, 
preying, like most birds that frequent the open ocean, on minute Animalcules, 
Crustaceans, and MoUuscoids. The selection of great heights, therefore, cannot 
be held to be due to the search for necessary food, but to some instinctive 
preference for a less dense atmosphere. In like manner, the Govinda Kite, 
both in the mountains and plains of India, remains, for many hours daily, at 
very great elevations in the atmosphere. The search for food cannot be the 
incentive in this instance, since these birds soar as often after their mqal as 
before it, and frequently imder circumstances which render it but too palpable 
that food is in superabundance. 

Some idea may be formed of the vastness of the pressure prevalent at great 
depths from the fact (which may be readily proved by recourse to a few figures) 
that at a depth of a mile it amounts to 2640 lbs., or 160 atmospheres, on every 
square inch ; whilst at 4000 &thoms, which is equivalent to about 4^ miles, it 
amounts to 750 atmospheres ; and water, which ranks amongst the least com- 
pressible of all known compoimds, would be compressed, at a depth of twenty 
miles, to -^th of its original volume*. Computations of this kind have long been 
in vogue ; and, as before stated, the extraordinary nature of the conditions they 
involve has led to a sort of unquestioning belief that, where they are present, 
all life is impossible. The chief fallacy has consisted in the introduction of 
cases which are parallel in no essential particular. Thus, the effects of this 
stupendous pressure has been viewed in relation to its effects on fishes having . 
closed air-bladders, or, at all events, bladders only capable of being cleared of 
their contents by a very slow process; and, as a matter of course, but one 

* See * Phydcal Oeography/ by Mrs. Someryille^ toL L p* 325. 
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inference could be arrived at, namely, that such swimming-bladders would 
collapse. 

Again, pieces of wood retained for an hour or two at a depth of a thousand 
fathoms are said to have become so increased in density as to '^ sink like stones." 
Captain Scoresby relates an example of a boat having been draped down by a 
whale to such a vast depth that the wood of which it was formed sank like a 
stone, not only immediately after its recovery from the sea, but " for a year 
afterwards." Here, then, it would appear that the whale must have descended 
as deep as the boat, or probably deeper, inasmuch as the latter was attached 
to it by the whale-line and harpoon. Other instances have at various times 
been recorded of harpooned whales having dived dovm vertically to immense 
depths, and, in some cases, having been killed by coming into forcible contact 
with the bottom ! 

But, notwithstanding the vast muscular power possessed by the gigantic 
Cetaceans, and the momentum attained by their bodies when diving with 
extreme speed, we should hardly be justified in looking to them for evidence 
tendipg to prove that life can be maintained at depths exceeding 500 fetthoms. 
This will perhaps be rendered more apparent when it is recollected that the 
whale is not constituted to live at any great depth, and that its specific gravity 
is such as to be in equilibrium vnth the surrounding element almost immediately 
below the surface. Hence, even at the moderate depth of 500 fathoms, its body 
would be exposed to such a degree of compression as would at once paralyse, if 
not destroy, life. Thus, if we take the case of a medium-sized whale, say 50 feet 
long, and vnth an average diameter of 10 feet, the total pressure on the surface 
of the body would amount to upwards of 11,000 tons. It is supposed that 
the peculiar conformation of the Cetacean skin, throughout the substance of 
which the blubber is secreted, enables the creature to sustain a degree of 
pressure that would otherwise be intolerable — a pressure stated as ^^ sometimes 
amounting to a ton upon every square inch " *. But, inasmuch as the whole of 
the observations on the depths to which whales have been supposed to penetrate 
are based on the quantity of line run out, and its direction on entering the water, 
it is much more likely that, as in the case of soundings taken where deep-seated 
currents prevail, the direction is changed from a vertical to a horizontal one, 

* See ProfeBsor Carpenter'B 'Zoology' (London, 1857: 2 vols.), toL i. p. 239. 
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long before the extreme depths were reached at which these tremendous pres- 
sures exist*. 

In the case of pieces of wood and meat, and corked bottles containing air^ 
which have been sent down to great depths in order to demonstrate the effects 
of pressure, it is evident that precisely those conditions are present which are 
never to be met with in creatures constituted to live under it. In short, they 
prove too much ; for they prove clearly that, in defiance of all obstacles, a state 
of equilibrium is rapidly engendered between the interior and the exterior pf the 
wood, the mutton, and the bottles, and that whensoever this takes place no 
further change is experienced. If suddenly submerged, that is to say, before 
the pressure has time to overcome the resistance of the cellular and fibrous 
tissues of the two first and of the cork employed in the last, diminution of bulk 
and consequent compression of the structure must inevitably -result; but, on the 
other hand, if the submergence be gradual, the diminution in bulk is by no 
means a necessary consequence, and the change brought about is a simple dis- 
placement of a lighter medium by a heavier, according to a well-known law of 
fluids. The example so often dted of the cork being at first forced inwards, and 
subsequently redriven into the neck of the bottle so as to close it as effectually 
as before, clearly shows that its cellular tissue has undergone compression and 
redilatation. Hence these experiments can only be regarded as illustrating 
phenomena which are not confined to extreme depths in the ocean, but may be 
seen in operation in a modified degree in every piece of floating organic matter 
around us. 

The faculty possessed by some ground-living fishes of accommodating them- 
selves, in certain localities, to depths greatly in excess of those usually frequented 
by them is very remarkable. Thus, several of the Cod tribe have a vertical 
range from 10 to 200 or even 250 fathoms, whilst a large number of species 
inhabit depths ranging from 10 to 100 fathoms. But, according to M. Pouilletf , 
certain fishes have been obtained by him from a depth of 560 fathoms, that is, 

* Since the operation of getting an " up-and-down " sounding is attended with considerable diffi- 
culty, even when undertaken with a sinker of the shape best fitted to descend vertically^ and a line 
little thicker than an ordinary pencil, it may readily be imagined how vastly the chances of an incorrect 
estimate, both with r^;ard to depth and direction, must be increased, where the line employed is three- 
quarters of an inch thick, and a wounded monster is fast to the end of it. 

t < Ellens de Physique Ezperimentale,' tom. L p. 187. 
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3300 feet, where the pressure amoimts to more thaa 100 atmospheres. Now, it 
is quite as difficult, in reality, to helieve that a creature constituted to live near 
the surface, where the pressure does not exceed two or three atmospheres, could 
adapt itself to sustain a pressure of 100 atmospheres, as it is to conceive that a 
fish ordinarily living under this amoimt could sustain five times as much more 
pressure ; for the moment it is admitted that the same species may accommodate 
itself to widely varying depths, the principle of progressive adaptation comes 
into play, and we are warranted in assuming that very widely differing degrees 
of pressure and other collateral conditions may be encountered, provided the 
transition firom one to the other be sufficiently gradual, and, further, that the 
more simple the organism, the more fitted will it be to undergo them with 
impunity. 

It has already been shown that the human frame is able to undergo a 
diminution of nearly one-half the normal atmospheric pressure present at the 
sea-level, if gradually encountered. Now, although the degree of tolerance 
involved in this change of conditions seems to bear no comparison with that 
which we suppose must be necessary to enable an animal to bear several himdred 
times the normal pressure it is used to, there is a very important difference 
between the primary conditions existing in the two cases, which renders 
the comparatively slight reduction of atmospheric pressure much more deter- 
minate in its effects on the one than the vastly increased amoimt of pressure on 
the other. Thus, assuming the solids, fluids, and gaseous contents of the human 
frame to be in equilibrium under the normal pressure at the sea-level, and that 
each of these portions of the body is subject to a different rate of expansion and 
contraction, it follows that this state of equilibrium must become more and more 
disturbed as the atmospheric condition becomes more abnormal. Hence we can 
readily account for those painful sensations which are experienced in suddenly 
ascending to great elevations, or descending, as in the diving-bell, through depths 
which engender even greater and much more sudden modifications. 

On the other hand, in the case of all water-breathing creatures, inasmuch as 
there are no gaseous contents present, and the circulating fluid is of the same or 
very nearly the same specific gravity as the surroimdlng medium, and every 
portion of the structure is completely pervious to fluids, either by its porosity 
or through endosmotic action, the state of equilibrium remains imdisturbed ; and. 
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as already stated, no injury accraes, provided the transition from one degree of 
pressure to the other be sufficiently gradual. 

In the case of creatures generated at great depths, and migrating to higher 
zones, the same law would apply, time being the essential element in rendering 
the transition practicable and safe to the creature. The Ophiocomse obtained 
from a depth of 1260 fitthoms (nearly a mile and a half) were not only alive 
when they emerged from the water, but continued to move their rays freely for 
-a quarter of an hour afterwards. It is to be regretted that, in my anxiety to 
preserve the specimens, no effort was made to keep some of them alive in their 
natural element But, even in the absence of frirther evidence, the one great 
fact remains, that these starfishes retained their vitality for nearly an hour, 
during which period they passed through every gradation of pressure ranging 
from a ton and a half on the square inch to only 15 lbs. Accordingly, since 
there are no grounds for supposing that star-fishes, or any other creatures 
constituted to live in the ocean, could undergo a transition from a high 
to a low degree of pressure with greater safety than one from a low to a 
high degree, and the abrupt change of conditions was borne in the present 
case without producing instant death, it is but £Eur to assume that, imder a 
sufficiently gradual transition, any given amount of pressure might become 
supportable. 

Respiration may be regarded as the primary vital frmction of every animate 
oi^;anism. Without it the independent life of the individual, whether animal 
or plant, cannot have a beginning ; and on its permanent interruption, existence 
ceases. In so fiur as we know, and judging from all analogy, this law holds 
good in the lowest as well as the highest order of being. The mechanism of 
respiration may be more complex in one than in the other ; but, so far from the 
phenomena being wonderfril in proportion as they are complicated, the opposite 
of this proposition is correct, and we find it difficult to comprehend how the 
humblest tribes, both of the animal and v^etable kingdoms, in the absence of 
anything like specialized structure, can nevertheless bring about the same results. 
As is well known, in the case of air-breathing creatures the act of respiration 
consists in the absorption into the blood of oxygen derived from the atmosphere, 
and the exhalation of carbonic-acid gas — the interchange taking place by means 
of the lungs, and the required effect being produced on the blood. In the case 
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of what are termed water-breathing features, the phenomena are essentially the 
same, inasmuch as the supply of oxygen, though not derived immediately from 
the atmosphere, i^ obtained from a certain quantity of atmospheric air present 
under all circumstances in waters fitted to be the habitation of organized beings. 
• Amy of the causes which materiaUy diminish the supply of atmospheric air 
tend to impair vital energy, and, if sufficiently protracted, to destroy life. Thus, 
fishes and all other aquatic animals die almost immediately if plaoed in water 
which has been deprived of its air by boiling. 

Under these circumstances, the due aeration of the waters of the ocean constitutes 
one of the most important conditions of marine life *; and it becomes a question 
of the highest interest to trace the process whereby it is brought about in these 
deep abysses which would seem, at first sight, to be completely beyond the pale 
of atmospheric influence. 

^ It is still a disputed point whether the oxygen and nitrogen of the atmosphere 
enter into chemical combination, or simply constitute a mechanical mixture. 
Whichever view is correct, the union takes place in determinate proportions 
~*namely, one volume of oxygen to four volumes of nitrogen ; and these remain 
constant imder every degree of rarefaction and compression, and at all tempera- 
tures short of combustion. 

Although the above may be regarded as the normal composition of atmospheric 
air, it is certain that the present order of life on the earth oould not be main- 
tained were these the sole elements present Even animal life, which, for anything 
that we know to the contrary, depends on the respiration of air thus constituted, 
would speedily become extinct, iwsmuch as it is dependent on the previous 
manifestation of plant-life, and plants require for their respiration and growth 
carbonic add, aqueous moisture, and ammonia. Now, by a wondrous system of 
comp€«isation, the gases evolved during the processes of animal respiration, com- 
bustion, and fermentation, are exactly those which minister to the respiration 
and nutrition of plants ; whilst plants, in their turn, exhale the gas which is 
essential to the life of animals, and consume those elements which, if permitted 

* It Ib necessary to state that aeration is made secondary to temperature, inasmnch as under the 
existing order of nature it is impossible to imagine the proportion of air present in the waters of the 
ocean so altered as to endanger the life of creatures inhabiting them ; but it is far from being so to 
oonoeive the occurrence of changes of temperature which might not only endanger but destroy it. 
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to accumulate in the atmosphere to an indefinite extent, would render it unfit 
for the support of all organized beings whatever. 

If we turn to the ocean, we may find the conditions modified but not changed. 
For whilst atmospheric air, as already pointed out, is indispensable to the 
respiration of water-breathing (or, in other words, marine) animals, carbonic acid 
is equally indispensable for that of marine plants. It has been customary 
to regard carbonic acid as present in sea*water in comparatively minute quantity, 
and, as if in apology for this minuteness, to maintain that it could not '^ possibly 
be wanting in a fluid in which a &r greater number of animals breathe than on 
land"*. I shall hereafter endeavour to prove that the supply of this gas 
demanded for the ocean is infinitely in excess of the quantity usually ascribed to 
it, and that, whilst it is derived by absorption from the atmosphere, the actual 
quantity poured forth into the atmosphere during the processes of animal respi- 
ration, combustion, and fermentation could be reduced by no other means than 
this absorption to the small proportional amount discoverable by analysis at any 
single period. 

In the same manner that the aqueous vapour present in the atmosphere is 
merely held in suspension, so are the gaseous bodies present in sea-water merely 
held in solution ; that is to say, in neither instance does a chemical combination 
occur under ordinary pressure. Water absorbs a certain quantity of all gases, 
some, however, in much larger quantity than others. Thus, whilst it absorbs 
nearly volume for volume of carbonic acid under ordinary pressure, it can only 
take up about -^th of its volume of oxygen and -^ih of nitrogen. When 
the two latter gases occur in the shape of atmospheric air, the quantities are 
slightly modified— rather more oxygen, and rather less nitrogen, being absorbed. 
But, nnder an increase of pressure, the proportion of gaseous matter taken up by 
water is very greatly increased, as may readily be understood when it is borne 
in mind that fluids are nearly incompressible even under elttreme pressure, 
whereas gases are easily compressible, and that the relative volumes of the gas 
absorbed and the fluid absorbing are acted on In widely different degrees. 

The mode in which the solution of atmospheric air in sea-water is brought 
about is but imperfectly understood. It is probable that the agitation of the 
sur&ce resulting from the action of winds and currents assists in eflecting 

• Biflchof, Vol. i. p. Il6. 

q2 
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the admixture ; but since we know that the operation of these causes extends 
but a little way below the sur£EU», and that, far within the limits to which 
animal life has heretofore been supposed to range, their action is altogether 
arrested, it is evident that the absorption of air must be mainly dependent on some 
constant property of fluid and gaseous matter unconnected with these agencies. 

Since the tendency of fluids to absorb gaseous bodies is constant under all 
circumstances, although, as already stated, the quantity they are capable of 
appropriating increases with the pressure, it follows that, the deeper the stratum 
of water, the greater must be the amount of gaseous matter held in solution by 
it. In illustration of the manner in which a column of sea-water becomes satu- 
rated with its complement of gaseous matter, let us suppose atmosphere and ocean 
to be brought into contact for the first time, and the process of absorption to be 
commencing. As soon as the superficial stratum of water received its fuU charge, 
it would transfer a portion to the stratum immediately below it. This stratum, 
when fully charged, would in like method transfer a portion to the succeeding 
one, receiving a fresh supply from the stratum above, and so on through the 
entire series ; whilst in order to meet the demand thus continually increasing from 
below, an uninterrupted absorption would be carried on at the surface, the lowest 
stratum being the first saturated ; whilst the highest would serve as a channel of 
transmission for the whole of those below it, and be the last to arrive at the point 
of saturation, notwithstanding that its gaseous contents are the smallest in quantity. 

Were the pressure equable throughout the entire vertical range of the column, 
the transmission of gaseous matter from above downwards would only proceed 
until the quantity absorbed in equal volumes of water was similar at the surfieu^ 
and at the bottom. But, inasmuch as the pressure increases with the depth, and 
the quantity of gaseous matter absorbed is in a direct ratio to the pressure, it is 
evident that the operation must be protracted until each stratum of water has 
received, through the entire series of strata above it, the quantity absorbable in 
virtue of the pressure it is subject to. On this being accomplished, but not till then, 
every portion of the column would be in equilibrium with the portions adjacent to 
it, and, accordingly, all further abstraction of gaseous matter from the atmosphere 
would cease, in the fibsence of any expenditure taking place from below. 
. It may, perhaps, be urged against this theory, that, instead of remaining in the 
state of equilibrium indicated, the tendency of gaseous matter would be to rise 
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and escape at the surface ; but, inasmuch as the capacity to absorb a given quantity 
of such matter, under a given d^ee of pressure, admits of no variation, and it is 
clear that the affinity of the fluid for the gas is more powerftd than any other 
counteracting influence, since otherwise absorption could not take place even at 
the immediate surface of the sea, there are no circumstances under which the 
evolution of the gaseous matter could occur. The example of ascending thermal 
springs charged with gases and salts is by no means a parallel one ; for in these 
the column is circumscribed within solid walls, and each successive zone or 
stratum of water, in ascending, carries along with it its gaseous contents ; and, as 
a necessary consequence of removal from a greater to a smaller degree of pressure, 
the disengagement of gas takes place. In the ocean there are no ascending 
currents of the kind ; but even if there were, the conditions would be dissimilar, 
inasmuch as each portion of water ascending would instantly be replaced by fresh 
portions poured in under the same degree of pressure, and therefore charged with 
the same amoimt of gaseous matter. Hence, unless it can be shown that increase 
of pressure does not enable water to absorb a greater quantity of gaseous matter, 
it follows that the. latter must always bear a direct ratio to the former. 

It is far from my meaning to assert that the quantities of oxygen, nitrogen, and 
carbonic-acid gases absorbed by sea-water at any given depth would equal the 
quantity of one of these gases absorbed by the same volume of water under the 
same pressure, supposing no other gaseous or saline constituent to be present in 
it, but only that some increase of absorbent capacity must take place for every 
increase of pressure, and, hence, that the increased quantity of one of these 
gases absorbed at the base of the column of sea-water, or at any point interme- 
diate between the sea-bed and the surface, would bear a definite ratio to that of 
the other gases absorbed along with it. It is well known that, in order to ensure 
the greatest amount of absorption by a liquid, it is essential to free it, in the first 
place, by boiling or otherwise, of all other gaseous matter, and, moreover, that 
the absorbent power is greatly diminished by the presence of saline substances in 
solution. Now sea-water contains both other gases and as much as 3-527 of saline 
substances in solution, and it is highly probable that the proportion of the latter 
increases with the depth. Therefore we should naturally expect to find the 
increase of absorption moderate in comparison with what would take place were 
the water in a state of purity. 
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According to the most recent analyses, tiie mean amount of carbonic acid in 
the atmosphere is estimated at about 1 part in 1000 by weight In the various 
notices of the gas it has been customary to state that this proportion, although 
unexpectedly small, is nevertheless sufficient to supply the entire vegetable 
kingdom with the carbon of which their solid tissues is composed. If my theory 
be well founded, this 1 part in 1000 does not represent the quantity originally 
present in the atmosphere, but only tiie residue which remains after supplying the 
requirements of the ocean and plant-life; in other words, it is the floating 
deposit destined to meet current expenditure, the amount being kept up by the 
processes already referred to. 

According to Vogel, in 10,000 parts by weight of sea-water from the Mediterrar 
nean and the Atlantic there were present 1*1 and 2*23 parts, respectively, of 
carbonic acid — a quantity extremely small, and yet declared to be sufficient, not 
only to retain the whole of the carbonate of lime actually present in sea^water 
in solution, but five times as much. According to some valuable experimoits 
conducted on board the French ship 'Bonit^,' the &jci has been clearly established 
that the quantities of atmospheric air, and more particularly of carbonic-acid gas, 
increase with the depth. The analyses, as cited by M. Bischoff , are so striking, 
and exercise such an important bearing on all questions relating to the deep-sea 
deposits, that I am induced to quote them in detail. 
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t See < Chemical and Physical Geology/ by Oustav BiBchof. Translated from the German, and 
published by the Cavendish Society, toL i. p. 114. 
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In opposition to the views advanced by me with regard to the increase of 
atmospheric air in the waters of the ocean with the increase of depth, I would 
draw attention to the experiments of M. Biot on the gaseous contents of the 
8wimming4>ladders of fishes*. It is .stated by Sir Henry De la Beche, on the 
authority of M. Biot, that whereas the swimming-bladders of fishes caught near 
the surfEice were filled, not with pure atmospheric air, as might have been 
expected, but with nearly pure nitrogen, the swimnung-bladdera of such as 
were brought up from a depth of 500 fathoms were filled with oxygen and 
nitrogen in the proportion of 9 of the former to 1 of the latter — ^the conclusion 
arrived at from these £Eu;ts being that there was a difficulty in obtaining nitrogen 
at great depths, whilst it was procurable in abundance neax the surface, and hence 
that atmosi^heric air was more plentiful in the latter than in the former situation. 

It is worthy of note, however, that these proportions do not tally with the 
&ct that in a given volume of water, under ordinary pressure, the quantity of 
oxygen is rather greater, and that of nitrogen rather less, than is compatible with 
the ratios borne by these two gases to each other when in combination as atmo- 
spheric air. For, since the normal ratio of oxygen to nitrogen is very nearly as 
1 to 4, and the relative quantities of these gases absorbed by water are as 3 to 
2» and ft^iining with Sir H. De la Beche that the quantity of atmospheric air 
present decreases with the depth, we should expect to find more oxygen present 
in the swimming-bladder of the fish taken from the surfieu^e than in that taken 
frt)m deep water. It should be borne in mind, moreover, that the swimming- 
bladder is in no way connected with respiration, and that it only serves to 
regulate the specific gravity of the fish; and hence the secretion, when at 
the greater depth, of that gas which is considerably heavier than the other is 
precisely what might be looked for when the object to be attained is the main- 
tenance of equilibrium with the surrounding medium. But it has already been 
stated that the normal ratios of the two gases, as they exist in atmospheric air, 
are modified to a very considerable extent when they are held in solution by 
wotar, oxygen being taken up in larger quantity, and nitrogen in less, and the 
former of these gases constituting f ths of the water itself. Hence assuming, as 
is the case, that the gaseous contents, whatever they may be, of the swimming- 
bladder are secreted through the circulation, and not imbibed directly into its 

* ' BeaeardhfiB in Theoretical Geology/ by Sir H. De la Beche, p. 229. 
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cavity, we are warranted in supposing that the quantity of oxygen found in 
it is larger in deep water than at the surface, owing to that gas being more 
essential to vital action, being present in greater abundance, and approaching 
more closely to the specific gravity of the surroimding medium than nitrogen. 
This view is borne out, moreover, by the ^ Bonit^ * analyses, which show the ten- 
dency of the nitrogen to decrease with the depth. 

There is another very remarkable property of gases which demands notice, 
although it is impossible, in the present state of our knowledge, to say how &r 
this property may operate in modifying the combinations of sea-water and its 
various ingredients — namely, their liquefaction under great pressure. It has 
been shown that, although the degree of pressure necessary to produce the 
liquefaction of a given gas is constant at the same temperature, as the tempe- 
rature decreases, so does the amount of pressure requisite to produce the effect 
diminish. Amongst the elementary gases, chlorine and cyanogen liquefy under 
the smallest amount of pressure, and at nearly ordinary temperatures. Oxygen, 
on the other hand, which is so refractory as to resist the extreme pressure it 
has heretofore been subjected to, when combined with an equal volume of the 
vapour of sulphur, as sulphurous-acid gas, becomes liquid at a temperature of 
45^ Fahr. under a pressure of only two atmospheres. In the same manner 
hydrogen, which in its separate state proves equally refractory, on being mixed 
with one-third of its volume of nitrogen so as to constitute ammoniacal gas, 
becomes liquid under a pressure of about six and a half atmospheres, at &&" Fahr.; 
whilst, by a remarkable change of properties, chlorine, which alone is readily 
liquefiable, if united with an equal volume of hydrogen requires a pressure of 
forty atmospheres ; and hydrogen and oxygen, both of which gases in their sepa- 
rate state resist all pressure that has been applied to them, when combined to 
form water continue liquid under a pressure considerably below that of a single 
atmosphere. Lastly, carbonic-add gas, which, at a temperature of 32° Fahr., 
requires thirty-six atmospheres to cause it to become liquid, at 14° Fahr. only 
requires twenty-seven — a degree of pressure far short of that it is subject to in 
the lower zones of the sea. 

It is probable that the saline and mineral substances present in sea-water 
exercise a much more marked effect on the formation of the organic deposits of 
the deeper zones of the ocean than has been admitted under the antibiotic view 
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80 often referred to. From the nature of the difficulties by which the inquiry is 
surrounded, not only is the chief portion of our knowledge regarding the deep- 
sea bed rather of a theoretical than a practical kind, but, unfortunately, it 
must long continue to be so. It is doubly expedient, therefore, to test this 
knowledge by the light of every fact that science or accident may throw in 
our way. Thus, notwithstanding all that has been achieved by chemistry and 
mineralogy, it still remains an open question whether the great limestone 
strata were precipitated from waters holding the mineral in solution, or whether 
the separation of the calcareous matter was a vital act involved in the 
construction of tiie shells of creatures holding tiie lowest rank in the scale 
of being. In like manner we are not in a position to state definitely the 
manner in which the siliceous concretions of the Chalk and the Carboniferous 
limestone were produced. Few persons now-apdays r^;ard the calcareous 
deposits as having resulted from chemical, or the siliceous concretions from 
mechanical action ; but, although the presence of the shells of the Foraminifera 
in immense profrudon in some limestones supports the view that the animals to 
which they belonged effected the separation in question, there is no such proof 
forthcoming in the case of the altered limestones. If we examine the siliceous 
concretions, our perplexities increase rather than diminish ; for whilst remains of 
siliceous-shelled organisms are to be met with in them, it is very remarkable that 
they do not belong to the fiunily of siliceous-shelled Bhizopods which, next to 
the Foraminifera, are most largely represented at the bed of the ocean, namely, 
the Folycystina, and there is no authenticated example, up to the present period, 
of a Folycystine shell having been detected in a flint From the nature of the 
hydro-silicates, we could hardly expect to find the forms of siliceous organisms 
preserved ; hence it is possible that the mineral atoms of the Folycystina have 
become merged, as it were, into the substance of the ' masses. But, since we 
constantiy detect siliceous spicules of sponges, which have not yielded to dis- 
int^iration though similarly formed, it is difficult to reconcile the apparent ano- 
maly. If we regard the concretions as principally made up of sponge-spicules, 
the case is but little altered ; for the pseudomorphs of the calcareous shells of 
the Foraminifera are plentifrd in their substance, and indicate that the conditions 
under which they were formed and silicified were such as might have been share^ 
by the testaceous Bhizopods generally. 

E 
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Under these drcninstanceg it may not be out of place to review, 83 far as 
the limited data permiti the conditions under which the most important consti- 
tuents of searwater present themselves at great depths. 

According to Bischof *, the total quantity of saline matter present in water 
from the Pacific, Atlantic, and Grerman Oceans (as deduced from the analyses of 
Bibra) amounts to 3*527 per cent. ; whereas the several ingredients occur in the 
following proportions : — 

Chloride of sodiiim 76*786 

Chloride of magnesium 9*169 

Chloride of calcium 3-657 

Bromide of sodium 1*184 

Sulphate of lime 4*617 

Sulphate of magnesia 5*597 

100*000 

It win be seen, on reference to this table, that carbonate of lime and silica, the 
materials which enter so very largely into the formation of the shells and hard 
parts of the marine Invertebrata, are omitted. This is the more remarkable 
since the geological phenomena involved in the presence of these substances 
in sea-water may justly be regarded as amongst the most Important and won- 
derful with which we are acquainted. For, although carbonate of lime and 
silica occur in proportions which appear small ^en compared with the mass of 
the ocean, they are nevertheless as essential to the existence of marine organisms 
of every kind as the carbonic-acid gas which is present in the atmosphere in still 
more minute quantity is essential to terrestrial plant-life, — ^the soUd structure of 
the former being composed of carbonate of lime, of the latter of carbon. In 
both cases, moreover, the demand and supply of the material are balanced with 
such unerring nicety, that the fidlure of either one or the other could not take 
place without altogether disturbing some of the existing conditions of the globe. 

It is stated by Bischof f that the vast quantity of carbonate of lime brought 
down to the sea by rivers, and the uninterrupted formation of the shells of testa- 
ceous animals, are of themselves primd facie evidence of the presence of carbonate 
of lime, and that '^ the carbonic acid contained in sea-water will constantiy dis- 
solve carbonate of lime when present at the bottom " ; whilst the fact of ^' the 
water being so far below its point of saturation as regards carbonate of lime can 

« < Chemical and Physical Geology,' vol. L p. 379. f Ibid. p. 109. 
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only depend on the constant separation of the carbonate by testaceous animals." 
It is also mentioned, on the authority of Dr. Davy, that carbonate of lime occurs 
chiefly along coast-lines, and that it was only detected to the extent of 1 part in 
10,000 in water from CarHde Bay, Barbadoes, whilst in the neighbourhood of 
the volcanic island of Fayal the quantity was so small as to be barely discernible, 
and in the open sea between the West Indies and Europe it was altogether 
absent ! Forchhammer, on the other hand, detected it in all searwater. 

The specimens of water analyzed by Bibra were obtained at a depth of only a 
few feet below the surfieu^, with a single exception in which the water was 
brought up from 70 fathoms. Since, in the absence of any distinct statement to 
that effect, it is improbable that the specimens analyzed by Dr. Davy were 
obtained from great depths, or indeed elsewhere than at the surfiBu^e, his obser- 
vations only show that the carbonate of lime met with in the superficial stratum 
of water is derived principally from terrestrial sources ; and that at a distance 
from coast-lines, in volcanic regions where the limestone-rocks are either wanting 
or covered by igneous deposit, or in the open ocean where the depth is too great 
to allow of any supply of the carbonate being frimished from lime held in solution 
or calcareous deposits at the bottom, it is entirely abs^it. 

According to M. Bischof, water containing only one-tenth of the quantity 
necessajry for saturation can dissolve as much carbonate of lime as if it were 
saturated ; but since the quantity of carbonic acid present in sea-water is sufficient 
to dissolve five times as much carbonate of Ume as is to be found in it, M. Bischof 
infers that its maintenance at a point so &r below that of saturation must be 
due to the constant abstraction of carbonate of lime by testaceous creatures. He 
frurther states that since water saturated with carbonic acid is capable of dissolving 
only 0*1 per cent, of carbonate of lime, and under ordinary atmospheric pressure 
water contains its own volume of carbonic acid, a saturated solution ^^ would 
contain 0*2 per cent, by weight, or ten times as much as is necessary for the 
solution of carbonate of lime to saturation." And, lastly, he argues that water 
saturated with carbonic-acid gas, even under high pressure, cannot dissolve more 
carbonate, because, if it did so, ascending springs would deposit their carbonate 
of lime, and choke up their channels, the moment the ascending stream became 
subject to a dimmished degree of pressure ♦. 

• < Chemioal and Fhysioal Geology/* vol. iiL p. 171. 
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In Btating the reasons why the gaseous contents of a cx>lmnn of seapwater 
cannot be discharged at the surfistce, I endeavoured to show that no analc^ 
exists between the phenomena and those observable in ascending thermal springs 
in which a constant discharge takes place. If my views are correct, it is obvious 
that the arguments apply as forcibly to the saline as to the gaseous contents, 
smce the same law which prevents the escape of the gaseous matter contained in 
each succeeding stratum wiU enable each to retain in solution its full complement 
of saline matter, so long as saline bases are supplied to the ocean. 

Analyses of water taken from different latitudes and seas show that the quan- 
tities of saline ingredients vary from local causes. Thus, it has been found that 
in the neighbourhood of the equator, where rain-fall and evaporation are both 
excessive, they counterbalance each other, and the specific gravity of the snr&ce* 
water and the proportion of solid matter undergo but trifling modification ; but 
in sub-arctic regions, where the accession of fresh water is excessive during 
one season of the year, and evaporation at no time takes place to any great ex- 
tent, the effect is much more conspicuous. The admixture of fresh water with 
that of the sea takes place gradually, owing to the inferior specific gmvity of the 
former, but its influence extends to considerable depths. It is of the greatest 
importance, therefore, that water obtained from these latitudes for analytical 
purposes should not be taken from the sur&ce, and that we should look to the 
deep circulation of the ocean for that equable diffusion of its various constituents 
on which the equilibrium and permanence of the whole depend. 

It is worthy of remark that the calcareous deposits now forming over a large por- 
tion of the Atlantic and probably of all great sea-beds occur generally at great 
distances from coast-lines, and always in deep water ; whereas coral-ree&, which 
derive their calcareous matter from the same source, are said to be formed in 
shallow water, although, through the subsidence of the sea-bed, these bases often 
extend to vast depths, and the reefs themselves may occur in what is now mid- 
ocean. Of the rate of growth of coral-reefs very little is known beyond the 
fact of its being extremely gradual. Of that of the Foraminiferous deposits 
nothing of a definite character has as yet been ascertained. Accordingly we 
are not in a position to declare whether the demand for carbonate of lime, 
in a given time, is greater in the superincumbent water of the coral-reef or the 
Foraminiferous deposit But, assuming the demand to be equal in equal periods. 
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it is difficult to aocount satisfactorily for the presence of carbonate of lime in 
the shallow waters near coast-lines, and its entire absence at the surfSEtce of the 
Dpen ocean, unless we admit that the quantity of the salt increases with the 
depth, and that the lowest stratum of water is that in which the conditions most 
favourable to the growth of the Foraminiferous shell are present. 

Again, since the quantity of carbonic acid present in sea-water increases with 
the depth (as proved by the Bonit^ analyses), and the loose nature of the upper 
layer of the Foraminiferous deposit makes it pre-emmently liable to be acted on 
by a solvent, it is not improbable that a portion of carbonate of lime may be 
redissolved on the spot irrespectively of pressure, and that any deficiency in 
the supply may be made good, either by the quantity redissolved, or an increased 
quantity brought round by the deep oceanic circulation. If these views are 
correct, it is obvious that the rate at which the increase of the deep-sea calca- 
reous deposits takes place depends entirely on the rate at which carbonate of 
lime can be poured into the ocean by rivers, since no new deposits could be built 
up, did the separation of carbonate of lime from the water holding it in solution 
(which is essential to the growth of the shells) and the re-solution of the dead 
shells counterbalance each other. 

Taking all these circumstances into consideration, it appears probable that 
the demand for carbonate of lime at the bottom of the sea is limited only by the 
supply ; for, inasmuch as the quantity of calcareous matter introduced by rivers 
is so great that, in the absence of an unceasing drain upon it by calcareous- 
shelled creatures, its waters would very speedily become saturated and give rise 
to chemical separation, and since no such separation has been found to take 
place (in our own day at least), and the average amount of carbonic add is 
not found to decrease, it is evident that, through the increase of the calcareous^ 
shelled organisms, the quantity of carbonate of lime brought down in solution 
to the deeper zones of the ocean must be altogether disposed of. 

But, apart from the reasons which render the chemical separation of carbonate 
of lime from water holding it in solution improbable, it may be mentioned that 
there is no example amongst the North-Atlantic soundings, nor, so far as I am 
aware, amongst any of the recorded soundings taken in other portions of the 
ocean, of a recent deposit of lime having been met with such as would result 
from supersaturation alone. On the other hand, there is abundant proof of a 
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portion of the mechanically fonned calcareona depositB being at times le-dissolyed 
by water holding carbonic acid in solution, inasmuch as the vast amount of 
minute amorphous particles almost invariably present is traceable to no other 
source than the disintegrated animal portion of the sheUs left behind after 
the re-separation of the carbonate of lime. 

According to the analyses of Forchhammer*, silica (or silicic add) was found 
in all sea-water examined by him, the greatest quantity being 0*3 in 10,000 
parts of water. In its pure state it is insoluble m water, but yields to water 
containing carbonic acid. In this respect, the conditions favourable to the 
presence of carbonate of lime in the ocean are also fsLvourable to that of silica. 
With the alkalies silica forms soluble salts, called silicates, which enter very 
largely into the composition of rocks ; whilst, like carbonate of lime, it is con* 
stantly being conveyed to the sea by rivers, where it famishes material for the 
mineral portion of Sponges, of the Folycystina with their allies, and the marine 
species of the Diatomaceee. 

Although the whole of these organisms (excepting ^>onges, which are compo- 
site) tax exceed the Foraminifera in minuteness, they nevertheless constitute a 
considerable per-centage of some of the oceanic deposits. As is well known, 
extensive strata have been found in Europe, in A&ica, and America, which are 
almost exclusively composed of the siliceous remains of the Diatomacese ; whilst 
in some parts of America deposits occur of a mixed character, that is to say, in 
which the calcareous and the siliceous remains are associated in nearly equal pro- 
portion& It is a remarkable £eu;t that all siliceous deposits, such as those of Bilin, 
the Berg Mehl, and Tripoli, which consist almost entirely of a few well-marked 
species that flourished in the immediate locality, are of fresh-water origin and 
never occur in the ocean; whereas in oceanic deposits, although the siliceous 
forms may predominate, they are never unmixed with calcareous or other mineral 
matter. Again, in those marine deposits in which the species of Diatomacese are 
sufficiently abundant and well marked to indicate that they had lived in the 
immediate locality, it may be tak^a for granted either that the water was shallow 
or that the deposit was formed along a coast-line, since no Diatomace® live at 
greater depths than from 400 to 500 fathoms. In the deep-sea beds, when 
Diatomaceae occur, the characters of the species, their variety, and their limited 

• Biaohof, vol L p. 109. 
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numbers tit once show that they had been drifted from distant shallows, or were 
free-floating surfieu^e forms which had subsided to the bottom afrej: death. 

Whilst, as yet, we have no positive proof that the Polycystma live at extreme 
depths, it is a very significant circumstance that the lai^e assemblages of 
i^tkeae organisms hitherto met with in such a recent stat^ as to indicate vitality 
occur in deep water, and that the forms taken alive at the immediate surfisu^e of 
the ocean in some latitudes are suffidently distinct to prove that the same species 
do not occur at the surface and at the bottom without undergoing marked 
modification. On the other hand, tiiere is reason to believe that some of the 
siliceous organisms met with in a living condition at the surfieuse of the open 
ocean cannot live at any great depth, and that, from some peculiarity in mole- 
ciilar composition, the siliceous portion of their structure yields to the solvent 
power of the water. Thus the Acanthemetrina, a small group of organisms with 
siliceous frameworks of extreme symmetry and of such characteristic shape as to be 
readily distinguishable, occur in tolemble profrudon in tropical and sub-tropical 
latitudes ; but, strange to say, not a trace of their siliceous remains is to be found 
either in recent or fossil oceanic deposits. 

The Barbadoes and other Folycystine earths have a calcai^ous basis derived 
from the same source and produced through the same organic agency as the pure 
cf^lcarepus deposits of the deep-sea bed ; and, if we may judge from the composi- 
tion of such Folycystine deposits as have h^etofore been brought up by the 
sounding-machine, it would seem that all partake of the same character. 

The character of the pure Diatomaoeous earths of the Pliocene and Post-pli- 
ocene periods clearly denotes a difference in the chemical constitution of fresh- 
and salt-w^ter deposits, which is of the highest importance as affording a means 
of detamining in which of these it may have been formed, supposing the cha- 
racters of the species to be uncertain ; for, whereas the terrestrial species of 
DiatomacesB are to be met with in water in which carbonate of lime is not 
necessarily present, there are no circumstances under which the marine species 
of Difttomaceee and the Pdlycystina (all of which are oceanic) are to be met with 
in water devoid of that salt^ . 

* A systematio ohemioal analysis of the entire series of soundings hitherto obtained would in all 
probability throw a great deal of light on die geological phenomena of the globe, and, were the means 
forthcoming, it might .very easily be accomplished. 



128 TEE BATHTICETBICAL LIMITS OF LIFE IN THE OCEAN. 



AjBsuming, then, that carbonate of lime and silica are always present in sea- 
water, that carbonic add increases in quantity with the depth, and that the 
solvent power of water as regards these two substances is due to the presence of 
this acid — that, on the deep-sea bed, in localities where carbonate of lime is said 
to occur in such minute proportions at the surfiace as to be inappreciable even 
by chemical tests, vast calcareous deposits are continuously being formed — 
lastly, assuming that the increase of testaceous creatures stands in a direct rela- 
tion to the supply of the material of which their hard parts are composed *, we 
are unavoidably led to the inference that pressure, so far from restricting animal 
life to the higher zones of the ocean, may be regarded as one of the conditions 
most essential to its eziBtence at extreme depths. 

In addition to the substances already enumerated as present in searwater, there 
are a few others which occur in still more minute quantities, or under such subtle 
combinations as to have led to their being omitted in most analyses. Begarding 
these, it is only necessary to state that iodine, fluorine, and phosphoric add are 
detected, the first in marine plants, the second in sea-water itself, and the third 
in all oi^anic remains as well as sea-water. 

Of the conditions which determine the distribution of certain tribes of ftniryif^k 
in shallow water, the composition and configuration of the bottom is one of the 
most important. Thus, rocky surfaces and sandy, gravelly, or muddy bottoms have 
each their special inhabitants, whose structure, taken in conjunction with the 
kinds of vegetable growth to be met with, induces them to select the localities 
best suited to them. There is no reason to suppose that the instinctive tendency 
to select certain descriptions of sea-bed in preference to others is less powerfully 
manifested or obeyed by creatures which live at great depths. . For although we 
are warranted in assuming that the general character of the deep-sea bed is niuch 
more equable than that of shallower regions, there is ample evidence afforded by 
the soundings to show that the universal layer of soft deposit which has been 
declared by some writers to envelope its surface is very fiur from being constant, 
and that no more fiEital mistake can be committed than to take for granted that 
mountain-ridges, abrupt predpices, and serrated rocks do not present themselv^ 
even where volcanic disturbance is imknown. 

* The soft parts of these oiganisms conmst of "saroode," a proteme-oompound the elemeats of 
which, oxygen, hydrogen, nitrogen, and carhon, are preeent in water. 
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It is obvious that deposit cannot take place universally over the bed of the 
ocean in the absence of a universal depositing^agency. Now, no such agency 
e:sists, but, on the contrary, there is clear proof that all the great calcareous 
deposits are of a local character ; and, from what has been already said regarding 
the composition of sea-water at all depths and in all latitudes, it is evident that 
this local character is not attributable to a deficiency of calcareous material in 
the water, but to the absence (for reasons as yet beyond our comprehension) of 
the organisms by whom the separation of the material from its chemical combi- 
nations is effected. 

The last condition which bears on the distribution of marine life is light-— or 
(paradoxical as it may appear) that total absence of light which has been regarded 
by philosophers and poets alike, from time immemorial, as characteristic of the 
Deep, 

Although light can hardly be said to exert any material effect on the geogra- 
phical range of marine species, it constitutes an important element in determining 
their bathymetrical limits within the superficial zones of the ocean. • For, 
notwithstanding it is the essential condition of vision, and it is impossible to 
conceive that eyes should have been bestowed on creatures for any other purpose 
than to see, we must bear in mind that the instinctive and well-marked preference 
for particular degrees of light manifested not only by creatures wholly destitute 
of visual organs, but by the vegetable kingdom in general, points to some more 
subtle sense than that of sight, and proves that its exercise may not necessarily 
be dependent on the light-giving rays of the solar spectrum. 

We cannot tell why light affects different creatures in different ways ; but its 
varying influence is far too decided and constant to escape notice. Thus we find 
certain forms Uving under the frOl glare of day, others avoiding it ; some indifferent 
to every degree of luminous influence, others susceptible to the slightest. But, 
whatever the mode in which these idiosyncrasies manifest themselves, they per- 
vade all the individuals of the same species, and we simply recognize the fact 
without' knowing why or how it is brought about. 

Again, although it has never been directly asserted that light is essential to 
animal existence, such a view has been in some measure fostered by the promulga- 
tion of two axioms, — namely, that light is essential to vegetation, and that animal 
life is dependent on the previous manifestation of vegetable life. Both of these 

s 
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axioms are undoubtedly trae in the case of terrestrial organisms ; but the last is 
wholly unsupported as r^ards the lowest orders of creatures inhabiting the sea ; 
for not only does every trace of light become finally extinguished at a depth com* 
paratively speaking insignificant, but at a point considerably short of that at which 
some of the most highly organized littoral species habitually live. Thus, it is 
supposed that at 700 feet below the surfietce the realm of total darkness com- 
mences; and yet we know that many creatures indigenous to the deep-coral 
zone, and more especially certain fishes, enjoy a downward range of from' three 
to five times that depth — that is to say, 2000 feet beyond the reach of the most 
attenuated sxmbeam. 

But whilst animal life has recently been shown to be present in vast abundance 
along the deep bed of the ocean, no vegetable life of any kind analogous to that 
with which we are acquainted has hitherto been discovered in a similar position. 
Vegetable structures unquestionably occur, and at times in considerable profusion ; 
but there is no reliable evidence to show that these have lived elsewhere than 
near • the surface. On the contrary, the appearance of the soft parts, in such 
as have been raised from depths exceeding 500 fathoms, indicates a molecular 
constitution differing materially from that observable in similar organisms which 
have been taken alive in shallow water. All analogy teaches us that plants cannot 
live in the absence of light. Under its infiuence the absorption of carbonic add 
goes on, and the evolution of oxygen *. In default of it, a reverse process is set 
up. light exerts no influence of this kind on animals ; but, as already stated, 
since all terrestrial animals are tdtimately dependent on vegetables for their food, 
and vegetables are thus shown to be dependent on light for their principal vital 
function, we are driven to the admission that ultimately light is essential to ter- 
restrial animals. In the sea, the conditions under which plants respire are still 
unchanged. light is essential to the absorption of carbonic acid and the evolu- 
tion of oxygen. Even iu the case of the lowest protophyte, this &ct admits of 
demonstration ; and it must be remembered that the v^etable forms met with 
in the deep-sea deposits belong exclusively to the latter class. Their occurrence 

* It is certain that the organs of respiration of plants are confined to their green surfaces. 
Humboldt is stated to have found '' a species of sea-weed of a bright-green tint, although it had grown 
at a depth of 190 feet," where it was computed no more than ys\nr^ P^^ ^^ ^® '^^ ^3^ could pene- 
trate. (See ' Manual of Physiology/ Professor Carpenter, p. 57.) 
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at extreme depths in a living condition would, therefore, involve the introduction 
of an exceptional law, for which there is no kind of precedent. 

It is one of the most important offices of plants to purify the atmosphere-of 
the element which would be poisonous to animals were it allowed to accunralate. 
How then, it may be asked, are the densely peopled waters of the ocean purified 
of the same poisonous element, if vegetation and light cease at the same limit ; 
and under what other conditions than exceptional ones can marine animal life 
be maintained vdthout the previous manifestation of vegetable life, as must be 
the case if it exists at extreme depths 1 

The answer to the first of these questions is obvious. The waters of the ocean 
seize on the carbonic acid exhaled by animals, and, as already shown when dis- 
cussing the saline constitution of searwater, the quantity of carbonate of lime 
present is sufficient to convert so much of it into a non-poisonous compound that 
the remainder is as innocuous as the carbonic-acid gas invariably present in the 
atmosphere. On the other hand, the indispensable oxygen is principally derived 
from the atmospheric air which has been absorbed by the water, the portion of 
it exhaled by marine plants being unimportant in comparison with the area and 
mass of the ocean. 

I readily admit the difficulty of furnishing a solution to the second question, 
without appealing to a process of nutrition for which there is no acknowledged 
precedent. At the same time I submit that in the majority of the marine Pro- 
tozoa — ^as, for instance, in the Foraminifera, Folycystina, Acanthometrse, Thalas- 
sicollidae, and Spongidee — there is much stronger ground for supposing that the 
process referred to is that by which nutrition is effected, than that complex 
functions of a kind analogous to those observable in creatures endowed with 
specialized organs, should be performed, by the simplest order of beings with 
which we are acquainted, in the absence of anything approaching to specialized 
structure. This subject will be more folly discussed in another portion of 
this work : at present it is only necessary to state that no exceptional law is 
invoked, but, on the contrary, that the proof of these organisms being endowed 
with a power to convert inorganic elements for their own nutrition rests on the 
undisputed power which they possess of separating carbonate of lime or silica 
from waters holding these substances in solution. In other words, if it can be 
shown that these organisms are able to produce a chemical separation of inorganic 

s2 



132 THE BATHTHETEICAL UHITS OF LIFE US THE OCEAN. 

elements in order to construct their shells, we are warranted in supposing they 
may also apply the elements not needed for that purpose to the nutrition of their 
soft parts ; especially since the remaining elements are those which, when united, 
constitute the proteine-compound of which their soft parts are invariably com- 
posed* We may endeavour to establish a definite line of demarcation between 
the two great kingdoms of nature ; but if we unbiassedly examine the life*history 
of the simplest forms on either side — ^as, for example, a cell of Collosplwsra and a 
cell of Navicida — ^we shall find ourselves reduced to the admission that the vaunted 
boimdary-line is empirical. If this be admitted, the grand distinction between 
the animal and the plant is destroyed — at least in the lowest tribes — and we 
discern in the liberation of a portion of the oxygen and carbon of the carbonic 
add, of the hydrogen of the water, and the nitrogen of the atmospheric air, a vital 
act heretofore regarded as characteristic only of the vegetable kingdom. In 
short, the same process yields shell-material and food ; and we discover that the 
last link in the series is derived, not from the vegetable world as we have hereto- 
fore been taught to beUeve, but from the inorganic. On the other hand, if this 
be denied, we have no alternative but to assume that the lower the creature the 
less need is there for special organs to perform special functions, and that the 
humble Bhizopod or Folycystine may digest, secrete, excrete, and (for all we 
can adduce to the. contrary) think into the bargain ! 

Although the discovery, at extreme depths, of creatures devoid of visual oi^ans 
would simply indicate that life is in no degree dependent on light, or on the 
previous manifestation of plant-life said to be inseparable from it, it is impossible 
to regard the occurrence, under similar conditions, of any of the more highly 
organized forms whose morphological relations involve the possession of oi^ans 
of vision, without perceiving that upon this single fact hangs the question whether 
living creatures were originally constituted to live beyond the influence of light, 
or became gradually habituated to live at extreme depths. For it is manifest 
that the detection of the most rudimentary eyes would prove that the creatures 
possessing them had originally lived in shallow water, and that they had slowly 
accommodated themselves to the new and abnormal conditions by which they 
were surroimded — the sense of sight failing xmder the absence of the natural 
stimulus, and the organs of sight either degenerating or becoming obliterated 
from disuse, during a succession of generations. 
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The caves of Camiola, Adelsberg, Kentucky, and other localities furnish us 
with numerous examples of blindness in animals living beyond the influence of 
light, and enable us to trace the transition, from the simple loss of nervous sen- 
sibility to the partial or entire occultation of the external organs of sight, which 
is observable as the animals recede from the outer world and take up their abodes 
where the darkness is more or less complete. But inasmuch as blindness involves 
the presence, however rudimentary or degenerate, of a special set of organs, we 
should not be warranted in regarding creatures as originally created to pass their 
lives in the gloomy depths of these caves, or in any other position beyond reach 
of light, unless all trace of rudimentary visual organs was absent, and there was 
distinct evidence that the types to which such creatures belonged occurred else- 
where with those organs developed. 

The identity of the OpMocomas obtained from an extreme depth in the North 
Atlantic with the OpMocoma granulata of shallow water, although afibrding pre- 
sumptive evidence that their ancestors, like their contemporaries met with on our 
own coasts, were not specially created to live in that position, is by no means a proof 
of the &ct. TheOphiuridae do not possess the so-called ^^eye-spots" of the Asteriadee 
and Solasteriffi ; and even if they did, the proof of these spots being true organs 
of vision supplied with nervous ganglia is far too feeble to be generally accepted. 
But, fortunately for the fate of the question, the OpkiocomcB referred to are not the 
most highly organized creatures that have been discovered at great depths, inas- 
much as a ^^ Crustacean of bright colours " is reported to have been brought up 
from 1400 fathoms, by Mr. Torell the director of the recent Swedish Expedition 
to Spitzbergen*. In the absence of a detailed description of this Crustacean, it 
would be premature to speculate on the indications afforded by its visual organs. 
But since the Crustaceans possess these organs without any exceptionf ,the fact is of 
the highest value, as affording additional proof that creatures originally constituted 
to live in shallow water may gradually become acclimatized and live under the 
extraordinary conditions prevalent at extreme depths in the ocean. 

With regard to the effect of light on the production of colour in animals, and, 

* No official report of this expedition having appeared up to the present time^ my information is 
derived from a letter which appeared in the ' Athenaeum ' of Dec. 7, 1861, which bears the stamp of 
perfect authenticity. 

t See * Anatomy of Invertebrata,' Siebold^ En^^lish edition, vol. i. p. 325. 
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conversely, the absence of colour said by Forbes and nearly all other writers to 
ensue from diminution of light, I have only one series of fitcts to advance ; but 
these appear conclusively to prove that, although intensity of light may, as 
averred, engender intensity of tint, the absence of light does not involve its loss 
or even its deterioration. The star-fishes obtained from a depth of 1260 fathoms 
were as brilliantiy coloured as if they had lived their lives in the temperate zone 
and the shallowest waters ; whilst, singularly enough, individuals of the same 
species dredged up from 100 to 200 fathoms in the fiords of West Greenland 
were of a dusky hue. AcTnoea testudinaliSj NaMca OroBnUmdtcOy Chiton marmch 
reus^ Eippolyte polaris, BoUenia picta^ Ophioooma bellia^ Cottus gladaliay and 
Nullipara purpurea were of the ordinary vivid tints. Solaster papposa and 
Ophiura texturata were alone slightly blanched ; but this effect cannot be attri- 
butable to absence or diminution of light, since the same species occurred in 
shallow water, on the Labrador coast, with no greater development of colour. 
Lastiy, as above stated, the Crustacean brought up by Mr. Torell from 1400 
fathoms is described as ^^ of bright colours." With these facts before us, and 
keeping in recollection the evidence that has been adduced to show that the 
creatures heretofore discovered at extreme depths are descendants of species 
that once flourished in shallow water, it appears reasonable to conclude that 
colour is a hereditary character, and that, inasmuch as a creature origmally 
colourless cannot be made to assume a brighter exterior by subjection to a 
brighter sun, so neither can the natural colour of a creature be destroyed by 
removal to the opposite conditions. Deterioration of colour may, and undoubt- 
edly often does occur, as in the case of animals removed from tropical to tempe- 
rate regions ; but the cases are not sufficiently numerous to be regarded otherwise 
than as exceptional. And when they do occur I cannot help thinking that we 
should search for the cause, not in the diminution of light, but in the impaired 
vital functions sure to attend removal from normal to abnormal conditions. 
Sickly animals, as well as sickly plants, lose their natural colour in tropical coun- 
tries. In this case diminution of light can have nothing to do with the result. 
The more highly tinted fishes of our own latitudes degenerate in colour when out 
of season. And, lastly, there are examples of the reverse action being produced 
— that is to say, loss of colour by removal of animals or plants from their 
natural habitats in temperate regions to tropical ones. On these grounds I 
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venture to believe that the colours on the feathers of a bird, the wing of a but^ 
terfly, or the shelly covering of an Echinoderm are as purely hereditary as their 
various organs, and that, in artificially produced varieties, we must regard the 
condition as to light as only holding equal rank with numerous other secondary 
conditions, which produce their effects through the vital functions *. 

Having thus described the various agencies on which the bathymetrical distri- 
bution of marine life depends, together with their modes of operation and relations 
to each other, it remains for me to prove (what I have heretofore been obliged 
to take for granted, in order to avoid endless repetition) that the star-fishes 
and other creatures, referred to as having been obtained from great depths, were 
captured in a living condition in the midst of their natural haunts. 

When we take into consideration the more obvious changes which attend the 
removal of a living creature from the deep-sea bed to the surface, we can hardly 
fail to perceive that the chances are vastly against the detection of a remnant of 
vitality. For, although, as I have endeavoured to show, the increase of pressure 
which prevails at the bottom of the ocean exercises no more injurious effect on 
creatures formed to live under it than the pressure at the seaplevel does on ter- 
restrial animals, and there is every reason to believe that marine creatures in 
general, and the lower tribes in partictdar, can undergo very considerable altera- 
tions of it with impunity, the case becomes totally different when a creature is 
suddenly removed from a depth at which the pressure is estimated by tons on 
the square inch, to one at which it dwindles into a few poimds. 

All animal tissues whatever are said to be originally formed of minute cells 
which are impervious to gases or fluids save through endosmotic action. But, 
since no free gaseous matter can exist permanently at extreme depths, the contents 
of such cells must be fluid and of the same, or nearly the same, spedfic gravity 
as the surrounding medium. This is a material character, inasmuch as it enables 



* ThiB view derives a singolar degree of confirmation from the following facts, for which I am in- 
debted to Mr. P. L. Sdater, the able Superintendent of the Zoological Society's Gardens. The brilliant 
plumage of the Scarlet Ibis (Ibis rubra), a native of Tropical America, and the equally brilliant scarlet 
of portions of the plumage of the Fine Bullfinch (I^rrhnda enucUatar) and the Crossbills (Laond), both 
natives of the northern parts of Europe, fide in an equally marked manner on their removal to this 
oountiy ; so that we have here presented to us deterioration of the same colour, in the one instance on 
removal of a bird from a tropical to a temperate climate, in the other on removal from a boreal to a 
temperate climate. 
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us to understand why the ocean never yields up its dead, and why, if tenanted by 
living things as we now know it to be, dead creatures never rise up to the surfieu^ 
to disclose the mystery of their past being. Decomposition may go on, but not 
putrescence. The molecular constitution of the particles of animal matter may be 
altered, and eventually, perhaps, their elements may enter into new chemical 
combinations ; but, since no gaseous matter could be retained in a gaaeous form 
within the cells or larger cavities of dead organisms, and the unfailing result of 
endosmotic action would be to place in absolute equilibrium with the surround- 
ing medium every portion of the structure, no decrease of specific gravity can 
occur to cause it to ascend from its position. The same conditions would apply 
to living things originally formed to inhabit extreme depths, or acclimatized 
through a vast succession of generations ; for although minute differences of 
specific gravity may exist between the fluid contained within their cavities and 
the medium in which they reside, there U no ground for supposing such differ- 
ences to be greater than exist between the bodies of creatures constituted to live 
in shallow water and the medium in which they sustain themselves. If this 
view be correct, it explains how it is that the submarine fauna remains as inmiu- 
tably chained to the sea-bed under all circumstances as the terrestrial fauna 
remains chained to the surface of the earth. . Here and there we detect the fossil 
ized forms of oceanic creatures, some of which, in all probability, were denizens 
of deep water ; but under one set of conditions alone does the detection become 
possible — namely, after the lapse of countless ages, during which sea and land 
have exchanged dominions. 

Again, we should bear in mind that the oceanic Bhizopods, although perhaps 
more tolerant of change, in virtue of extreme simplicity of structure, than any 
other tribe of creatures with which we are acquainted, are, for the same reason, 
the least calculated to exhibit active vitality under sudden change. Under the 
most favourable circumstances, and only after the lapse of considerable time, do 
the shallow-water forms when in captivity exhibit pseudo-cydosis or extend their 
pseudopodia. And hence, since it is in the last degree unlikely that those brought 
up from extreme depths should present these evidences of vitality, we must rest 
content with collateral proofs. Fortimately these are of a very satisfactory kind. 

The minute calcareous shells of the Foraminifera are the most frequent and 
widely distributed organisms of the ocean. They occur in all seas in more or 
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less abundance. But there is one genus (namely, Globigerina) which may be 
regarded as essentially oceanic, since it is to be found in all latitudes, and at all 
depths ranging from 60 to 3000 fathoms. Its seat of maximum development 
is on the deeper areas of the scabbed. There, like the sands of the shore, it 
strews hundreds of square miles of surface, and apparently builds up vast 
strata. The great superficial current of the Atlantic does not bear it away in 
countless multitudes from tropical coast-lines, nor does the body of the ocean 
itsdf constitute its habitation*. Nevertheless it is evident that there is an 
intimate association between the Globigerina-deposits and the Gulf Stream ; for 
wherever we trace the one sweepiag across the surface of the ocean, we are 
almost sure to detect the other resting on the sea-bed ; and where we fail to 
trace the one, we almost as surely fail to detect the other. Thus, between the 
Faroe Islands and Iceland, between Iceland and East Greenland, and for a con- 
siderable portion of the direct route between Cape Farewell and Eockall, Olobi- 
gerina is the prevailing form in the deposits ; whereas between Greenland and 
Labrador, along the belt traversed by the Arctic current, and in a southerly 
direction along the coast of Labrador, it is either absent or occurs only in such 
very limited quantity as to prove that the conditions are £Eivourable to its increase 
in the one case, and unfavourable in the other f . 

It is obvious that if the deposits were due to the subsidence of organic matter 
transported by currents, instead of being formed of well-marked groups of species, 
or (as is sometimes the case) almost exclusively of a single species, they would 
invariably consist of heterogeneous assemblages of minute organisms derived 
partiy from coast-lines, and partly from the oceanic regions previously traversed 

* By smkmg veiy fine gauze nets to eonBiderable depths, 1 have repeatedly satisfied myself that 
Cflohigerina does not occur in the superficial strata of the ocean. On one occasion, a small bag was 
drawn up through 700 fathoms of water, in a locality where Globigerina abounded on the sea-bed, 
without entrapping a single shell. 

t I have only had one opportunity of noting the characters of the recent Foraminiferous deposits 
of the southern hemisphere, namely, on the Agulhas bank to the southward of the Cape of Good Hope. 
There, in 100 fathoms water, I found Qhhigenna forming a nearly pure deposit (about 75 per cent.), 
the area of which was marked by a definite boundary-line, depending probably on the current which 
sets round the Cape from the eastward. This deposit differed in no respect from the deposits of the 
North Atlantic, except in the less massive character of the shells. Hence it would appear that mas- 
siveness increases with depth, or, as is more probable, that it is a consequence of it. 

T 
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by such currents. Lastly, inasmuch as the shells of Olobigerina surpass in mas- 
siveness and density those of any of the other minute structures met with in the 
deepHsea deposits, excepting the Folycystina — ^if we assume the deposits to be 
formed by the gradual subsidence of organic atoms from the transporting currents, 
it follows that the proportion of light forms to heavy ones would invariably be 
the greatest at the greatest distances from land, — a result which is not in accord- 
ance with observation. 

The extreme lightness of some Foraminiferous deposits has been alluded to by 
Captain Maury, in his admirable work on the * Physical Geography of the Sea,' 
as ^' suggesting the idea that the sea, like the snow-cloud with its flakes in a 
calm, is always letting fall upon its bed showers of these microscopic shells ; " 
and he adds, '^ the ocean, especially within and near the tropics, swarms vidth 
life; the remains of its myriads of moving things are conveyed by currents, 
and scattered and lodged in the course of time all over its bottom : this process, 
continuing for ages, has covered the depths as vidth a mantle, consisting of orga- 
nisms as delicate as the macled frost, and as light as the undrifted snow-flake on 
the mountain " \ 

This flocculent character is distinctly observable on the immediate surface-layer 
of all deposits, and in a few cases, in which the quantity of extremely fine amor- 
phous particles is excessive, it extends to some depth. Such is the condition 
observable in those localities where the Foraminifera are either absent or consti^ 
tute the smallest percentage of the material. But in the majority of the depo- 
rts, the flocculence does not extend beyond half an inch or an inch below the 
surface, and it is then replaced by a stratum of the utmost tenacity. This marks 
the limit of the amorphous non-mineral particles, and the point at which the 
consolidation of the heavier atoms commences. Although satisfied of the correct- 
ness of that portion of Captain Maury's statement which describes '' the remains 
of myriads of moving things as being conveyed by currents, and scattered and 
lodged in the course of time all over " the sea-bottom, I am unable to confirm 
by my own experience either in the North or South Atlantic that portion of it 
which relates to ** showers of microscopic " (Foraminiferous) " shells." Free- 
floating Foraminifera are undoubtedly to be met with on the surface of the ocean, 
as well as free-floating Folycystina, DiatomacesB, and other less knovm and 

* ' Physical Geography of the Sea/ by Captain Manzy. London, 1858 : p. 266. 
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common organisms ; but these never constitute the bulk of the deep-sea deposits, 
as Olobigerina does. They live within reach of the surface, and are more fire* 
quently to be seen in tropical regions ; but there is good ground for the belief 
that the amount of minute animal and vegetable life in tropical and extra-tropical 
latitudes is &r more evenly balanced than has generally been supposed, and that 
the preponderance to which Captain Maury and other observers have drawn 
attention as characteristic of the tropics is dependent, not so much on the 
superabundance of forms within the tropics, as on the rarity of those favourable 
atmospheric conditions upon which the presence at the immediate sur£a,ce of extra- 
tropical forms depends *. 

Some of the Globigerina-deposits are of great purity ; but I have reason to 
believe I originally overestimated the percentage of shells and debris, and that 
the singular absence of amorphous particles in the two specimens on which my 
estimate was based was due to percolation of water through the mass of the 
material during its progress from the bottom to the sur&ce. The average pro- 
portion of shells varies from 70 to 85 per cent, the remainder consisting of 
amorphous particles and variable quantities of mineral matter, Folycystina, Dia- 
tomaces, Sponge-spicules, and not unfrequently fragments of Echinoderm struc- 
ture. 

Turning from the shell, which, in this as in the other Foraminifera, frimishes 
no characters distinctive of vitality, and, in the majority of the species, does not 
even enable us to pronounce whether they are recent or fossil, we find that there 
is nothing either in the quantity, the colour, the consistence, or the optical ap- 
pearances of the soft parts to indicate that the QUMgerincB of the pure deposits 
do not live where they are discovered. From the difference in colour between 
the surface-layer of the deposits and the mass beneath, and also owing to the 
extreme tenacity of the inferior stratum, it appears probable that the living QUh 
higermcB are altogether confined to the former, — this view receiving additional 
support from the fact that the aspect of specimens taken from the surface cor- 
responds with that of shells known to be alive, whereas the dingy look of those 
from the subjacent stratum corresponds with that of shells known to be dead. 
In one case the colour is a vivid but light burnt sienna, the fleshy matter viscid 

* The observatioiiB of Dr. Joseph Hooker in the Antarctic Sea tend rather to prove a superabundance 
of the minute organic forms in its waters. 

t2 
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and inclined to coalesce again when crushed, and the retracted pseudopodia are 
occasionally seen forming minute bosses on the external surface of the shell ; in 
the other, the colour is a dusky brown inclining to grey, the fleshy matter is not 
"viscid, and there are no traces of the pseudopodia. Lastly, the definite bounda- 
ries of the Globigerinapdeposits, to which allusion has already been made, afford 
presumptive evidence that the increase of the organisms is dependent on condi- 
tions prevalent on the spot, and consequently evidence of vitality. 

The association of the more extensive Globigerina-deposits with the Gulf 
Stream and its several offshoots in the North Atlantic is dependent, I conceive, 
on the vast supplies of carbonate of lime brought down to it by the great rivers 
that discharge themselves into the Gulf of Mexico and the Caribbean Sea. 
Captain Maury combats the idea that the '^ Mississippi is the Father of the Gulf 
Stream," and quotes Captain Livingstone as having '^ overturned this hypothesis 
by showing that the volume of water which the Mississippi empties into the Gulf 
of Mexico is not equal to the three-thousandth part of that which escapes from it 
through the Gulf Stream." He also points out that the water of the Mississippi is 
fresh, whilst that of the Gulf Stream is salt ; and that the waters of the Mexican 
Gulf and Caribbean Sea are salter than the waters of like temperature in those 
parts of the ocean through which the Gulf Stream flows, the phenomena being 
accounted for by the excessive evaporation which takes place in the waters poured 
into the Gulf Stream and Caribbean Sea by the great equatorial current*. 

However true Captain Maury*s view may be with regard to the other saline 
constituents of sea^water, I venture to think it cannot be so in the case of the 
carbonate of lime, or, indeed, the calcareous salts generally. These we know are 
essentially derived from fresh-water discharges. The surface waters of the ocean 
axe those which contain the smallest quantity of calcareous matter. The great 
equatorial current is quite superficial, and on the African side it only receives 
the outpourings of two rivers, namely, the Niger and Senegal, which, though 
large, are much inferior in size and extent to the Amazon, Orinoco, Magdalena, 
Bio Grande, and Mississippi— one and all of which debouch into the equatorial 
current either, before or after it sweeps into the Caribbean Sea and Gulf of 
Mexico, and pour forth into the waters destined to emerge again as the Gulf 
Stream the vast stores of calcareous matter they bring down from the interior of 

* ' The Physical Geography of the Sea/ p. 26 et seq. 
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the American continents. The massiyeness of the shells, in the greater portion 
of the Foraminiferous deposits obtained on the bed of the North Atiantic, clearly 
shows that the material of which they are composed is present in its waters in 
abundance. If the views suggested by me regarding the increase of carbonate of 
lime with the depth be correct, or even supposing the superabundant supply 
indicated by the presence of the calcareous deposits to be due to the uninter- 
rupted supply of carbonate, irrespectively of its increase with the depth, the phe- 
nomena here indicated serve to corroborate them, and we have presented to us an 
example of disintegration of strata on the one hand, and reconstruction on the 
other, on the grandest scale that the earth affords. 

The facts connected with the discovery of highly organized radiate animals at 
extreme depths may justly be regarded as establishing a new era in marine 
zoology ; for, if we attentively examine their bearings, we shall find that, whilst 
they throw a flood of light on the conditions essential to the maintenance of life 
in existing seas, they serve at the same time to explain anomalies in the history 
of some of the older fossiliferous strata, and thus add another link to the chain 
that binds the Present with the Past. 

In order to render apparent the full significance of the Star-fiish sounding, I 
shall endeavour briefly to detail the geographical relations of the locality in 
which it was taken; the mode in which it was effected; the proofs that the 
creatures were captured at the bottom ; and, lastly, the reasons for believing that, 
although originally a shallow-water species, these Star-fiishes had gradually, and 
through a long series of generations, accommodated themselves to the abnormal 
conditions incident on the subsidence of the sea-bed. 

The sounding was taken in lat. SQ"" 27' N., long. 26^ 41' W., about halfivay 
between Cape Farewell and the north-west coast of Ireland, — the distances being, 
from the nearest part of Greenland 500 miles, of Iceland (namely, the '^ Blinde 
Skier " rock) 250 miles, and the Bockall Shoal about 400 miles. 

It is a very notable fact that the position thus indicated is within 100 miles 
to the north-eastward of that assigned to the ^^ Sunken land of Buss " in old 
charts * ; and that, at a spot about 100 miles to the westward, where the pre- 
vious sounding was taken, a decrease of depth Mras indicated amounting to 512 
fathoms. For, since it is in the last degree improbable that the shallowest 

* See Diary, pp. 63, 64, and 65. 
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locality in this latitude should have been thus accidentally struck, and it is but 
reasonable to conclude that the spot laid down in the old charts as a '^ Sunken 
land " should still be the shallowest, there is good ground for supposmg that 
the depth continues gradually to decrease from the westward locality, where it is 
748 &thoms, to the reputed position of the Sunken land. The probability is 
enhanced, moreover, from the circumstance of its being only twelve miles to the 
eastward of the meridian laid down in the French map by M. Fleurieu as that of 
'' Buss." Lastly, we find that if a line passing through the axis of volcanic 
action in Iceland (that is to say, extending from its north-easterly to its south- 
westerly extremity) were produced in the latter of these two directions, it would 
as nearly as possible cross the position of the Star-fish sounding and the '^ Sunk 
land " so often referred to. Now we know that subterranean forces have been 
in active operation in the direction of Iceland at a very recent period, and that 
a submergence has taken place of certain volcanic islands which were suddenly 
heaved up from the sea-bed. , Apart from other evidence, this fact is obviously 
of less value than it would have been had the submergence of the islands taken 
place gradually ; but, viewed in conjunction with the subsidence known to have 
been taking place for several centuries along the soutixem shores of Greenland, 
and in the absence of sufi&cient reason for repudiating the testimony of the early 
Scandinavian, Venetian, and French hydrographers, it leaves very little room for 
doubt that a vast area of the sea-bed, involving the whole of these positions, 
has shared in the submergence. 

In all soundings demanding accuracy, it has been customary to determine the 
depth by one operation, and to secure the specimen of bottom by another. On 
the present occasion, the depth (1260 fathoms) having been ascertained, a new 
form of ^^ deep-sea dredge "* was lowered ; but, in consequence of its partial fiEulure, 
a second apparatus (namely, the conical cup) was employed, 50 fiithoms of 
line in excess of the recorded depth being paid out in order to ensure the 
unchecked descent and impact of the instrument at the bottom. The " dredge " 

* The " deep-sea dredge " is really, what the name implies, a dredging- and not a sonnding-machine. 
It was devised by the Chief Engineer of the * Bulldog/ Mr. Bonghton. Although somewhat imper- 
fect, owing to the necessity for carrying ont the design with snch materials as were available at sea, 
it might readily be made a most efficient instroment. For natural-history pmposes it is obvious that 
a dredging instrument would always be preferable to one which merely closes on such portion of the 
surface as it happens to come in contact with. 
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had already brought up a small quantity of unusually pure Globigerina-deposit 
and some small stones. The second instrument came up quite full of the deposit I 
but it was neither so free from amorphous matter, nor did it contain any of the 
small stones. Adhering, however, to the last 50 fisithoms of line, which had 
rested on the ground for several moments, were thirteen OphiocomcB, varying in 
diameter across the arms from two to five inches. None of these relaxed their 
grasp on emeiging from their natural element, but continued, for a considerable 
period after detachment from the sounding-line, to move about their spine- 
covered arms, thus clearly proving that, although their continued adherence may 
have depended in some degree on clonic spasm caused by the diminution of 
pressure, or on the entanglement of their spines in the fibres of the hempen line, 
their vitality was at all events far from extinct. 

Here then we have the accuracy of the first operation conclusively established 
by the two succeeding ones ; the nature of the bottom brought up by the dredge 
verified by that procured in the conical cup ; the proof that fifty fathoms and no 
more rested on the ground supplied in the correspondence of the three soundings ; 
and, so far as the sounding apparatus is concerned, proof that the Star-fishes had 
no opportunity of attaching themselves to any portion of the line except that 
which rested on the bottom. If we examine the remaining evidences, we shall 
find that it is impossible to arrive at any other conclusion than that the Star- 
fishes were captured on the sea-bed itself, and not at any point intermediate 
between it and the surfiu^e. 

Commencing with the habits of the hard-shelled Echinoderms, there is ample 
evidence of their being essentially ground-living animals— -that is to say, un- 
fitted both in virtue of their structure and specific gravity to raise themselves 
to any distance, or for any lengthened period, from the bottom. Edward 
Forbes states that '' they are almost all free animals, creeping about at the 
bottom of the sea;" and adds that their coriaceous skin, which is commonly 
strengthened by calcareous plates or spines, '' distinguishes them from the 
Medusas, free-swimming animals of the most delicate and membranous texture"*. 
In Professor Owen's recent work on Palaeontology, the characters of the 
Echinoderms are given as follows: — ^'Marine, commonly free repent animals, 
with the integument in most perforated by erectile tubular tentacles, hardened 

* ^ British Star-fishes/ by Edward Forbes. London, 1841 : Introdnction, p. 12. 
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by a reticulate deposit of calcareous salts, and in many aimed with spines " *. 
Professor Rymer Jones describes the Ophiuridee as having '^ the rays long and 
simple" (in contradistinction to Comatula and Oorgonocephalfis)^ and siys 
*' they resemble the tails of so many serpents, but nevertheless are possessed of 
moveable lateral spines on each side of every ray, which, although but mere 
rudiments of what are seen in Comatula, may still assist in locomotion, or 
perhaps contribute to retam the prey more firmly when seized by the arms, — the 
rays themselves being composed of many pieces curiously imbricated and joined 
together by ligaments ; so that they are, from their length and tenuity, extremely 
flexible in all directions, and serve not only for legs adapted to crawl on the 
ground, but are occasionally serviceable as fins, able to support the animal in the 
water for a short distance by a kind of undulatory movement " f . 

Lastly, in the ^ System der Asteroiden,' by Miiller and Troschel, ^' the section 
of the Ophiuridffi which want the pedicellarise and the auus is divided into two 
subdivisions, Ophiurse and Euryalse," and it is most distinctly stated that the 
former '^ have aims fitted only for walking " X* 

These statements suffice to show that the structural peculiarities of the 
Ophiuridffi are such as altogether to incapacitate them for raising them- 
selves for any distance, or lengthened period, from the bottom. Assuming, 
however, the possibility of their having been carried from shallow water by 
a current, in order to account for their adherence to such a limited portion 
of the sounding-line as 50 fathoms out of 1310, it is also necessary to 
assume that they swept past in a closely compacted column, precisely at the 
period when these fifty fathoms passed downwards or upwards— a contingency 
&x from probable even if the line had been stationary, but rendered in the last 
degree improbable when it is borne in mind that it was moving through the 
water at a mean speed of at least sixty yards per minute. 

Again, it is hardly possible to believe that creatures constituted to inhabit 
coastrlines, and dependent on the bed of the sea for their food, could have 
retained vitality during the time occupied in drifting the 250 miles between the 

• < PalBDontology,' by Eichard Owen. London, 1860 : p. 29. 
t « Animal Kingdom/ by Bymer Jones^ P.Z.8. London, 1841 : p. 140. 

t See < Eeports on the Progress of Zoology and Botany/ by Professor C. Tb. v. Siebold. PaUisbed 
for the Bay Society. London, 1841-42 : p. 331. 
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spot at which they were captured and the nearest land. The only s^uperficial 
current known to exist in this region *, instead of flowing from Iceland or any 
of the northern coasts, flows towards them, and could not have transported these 
Star-fii^es from any position nearer than the eastern edge of the Newfoundland 
banks. Of the presence of a deep-seated current there is no certain proof. I have 
alluded in my Diary f to the indications of a drift between the Faroe Islands and 
Iceland as being requisite to account for the slow transport of the volcanic 
particles distributed in deflned belts along that region, and have stated 
my reasons for regarding it as a deep branch of the descending Spitzbergen 
current which flows under the ascending branch of the Gulf Stream in its 
transit to the equator. It is well known that a cold drift moves from the 
North and South Polar regions towards the equator in order to equ&lize the 
temperature and keep up the balance of the saline ingredients of the ocean. 
But in latitudes beyond the influence of melting ice this drift must necessarily 
flow at such depth as to involve the presence of the very conditions hitherto 
regarded as fatal to animal existence, and at a speed which would be insufl&cient 
to support, and far less to transport, creatures of siich dze and weight as those 
referred to. Lastly, whether the Star-fishes are supposed to have drifted to the 
position in which they were captured by a superficial or a deep-seated current, or 
to have propelled themselves from some distant coast-line, it appears to me that 
their vitality and healthy condition under such circumstances can only be regarded 
as increasing, instead of diminishing, the difiiculties in the way of an explanation 
of the phenomena. 

But, fortunately, the evidence on which I maintain that these Ophiocomce 
were captured on the sea-bed itself, in the midst of their normal haunts, is not 
altogether of a presumptive kind ; nor is the discovery of animal life at extreme 
depths restricted to two examples amongst the Ophiuridse and Foraminifera. 

Immediately on the completion of the sounding under notice, I carefully 
examined the digestive cavity of one of the OphiocomcB. The contents consisted 
of a number of fresh-looking QloMgerincB more or less broken up, minute 

* I am indebted to Sir Leopold McClintock for the following obeervationB^ whidi clearly attest the 
transit of the Onlf Stream in the locality at which the Star-fish sounding was taken :— rTemperature of 
ur 44^ F. ; temperature of the surflEu^ of the sea 48^ F. ; temperature of sea at 100 fathoms 48|° F. 

t See Chapter I., p. 5 el $eq, 

U 
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yellow amorphous particles, a few brightryellow oil-globules, and several ova. 
In two specimens examined at a subsequent date, I found the OlobigerincB^ 
amorphous particles, and oil^globules as before, but no ova; whilst in the 
deposit itself were detected two small Echinoderm-spines which, on comparison, 
proved to be identical with those on the arms of the Ophioconue. 

In three soundings (including that in which the Star-fishes were obtained) 
taken in the under-mentioned positions and depths — ^namely, lat 59^27' N., 
long. 26° 41' W., depth 1260 fathoms; lat. 58^ 23' N., long. 48^ 50' W., depth 
1913 fathoms; and lat 56° 43' N., long. IV 55' W., depth 1268 fethoms— 
minute cylindrical tubes occurred, Varying from i-th to ^ an inch in length, and 
from -g^^th to ^th of an inch in diameter. These were built up almost exclusively 
of very small Globigerina-dliellB and still more minute calcareous debris cemented 
together. Two or three such tubes were found by me in each of these soundings, 
but I £Bdled to extract the animals from them in a sufficiently perfect condition to 
admit of identification. I am nevertheless able to state positively that the tubes 
contained some species of Annelid, and think it highly probable that certain 
borings to be seen on Foraminiferous shells in the same deposits may have been 
effected by it But, whether this be the case or not, it is quite clear that an 
Annelid lives at the depths indicated, and there builds up its tenement The 
shells forming the outer layer of the tubes were colourless and freed of all sar- 
codic matter; but the internal surface of the tubular cylinder was lined with a 
delicate yet distinct layer of reddish chitine. 

It has been stated that these tubes are almost exclusively built up of Globi- 
gerina-sheUs. The proportion is probably about 98 per cent., the remaining 
2 per 9ent. being made up of Spongci-spicules, Diatom-valves, and minute 
particles of other mineral matter. 

In a sounding taken in somewhat shallower water, namely, in 871 fathoms,^ 
in lat 61'' 35' N., long. 24'' 9' W. (about halfway between Cape Eekianesa and 
the position of the Star-fish sounding), I detected two tubes, probably formed by 
the same or a closely allied species of Annelid, but differing from the last in the 
total absence of Globigerinapshells, and their replacement by nearly equal pro- 
portions of minute calcareous debris and Sponge-spicules. The size of the 
tubes in this sounding would appear to be modified by the more compact 
"stowage" of which their material is capable; and hence the diameter is 
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reduced in the two spedmeus to ig^th and ^th of an inch respectively, — ^about 
2 per cent, again, consisting of what may be regarded as accidental particles, 
namely, fragmeiits of Foraminiferous shells and Diatom-valves. 

The importance of these facts can scarcely be overrated ; for, although the 
presence of Annelid-tubes neither proves the vitality of their occupants nor of 
the Foraminifera and Sponges which supplied the material to construct them, 
yet, since w6 know that all tubicolous Annelids are essentially ground-inhabiting 
creatures, it is manifest that the tubes must have been built upon the searbed, 
and hence that the living Annelids must have been there present to build them. 
And further, if we admit the connexion between the bored Foraminiferous shells 
met with in the same deposits and these Annelids, we must also admit the pro- 
bability that the latter found within the bored shells suitable living nutriment 
to recompense them for their trouble. 

But the material of the tubes supplies its share of valuable evidence likewise ; 
for we find that whereas in the 1260- and 1268-fathom deposits, which consist 
chiefly of Foraminiferous shells, the tubes are formed almost exclusively of this 
material, in the 871-fathom deposit, which consists of a nearly equal admixture 
of calcareous and siliceous matter, the tubes partake of the same propprtions, 
clearly showing that, both in the kind and quantity of material employed^ the 
Annelid is dependent on the character of the deposit on which it lives. 

In a sounding taken in lat. 63^ 31' N., long. Id^ 45' W., in 682 fiithoms, a 
portion of a Serpula-tube, -][^ths of an inch in length, and about -j^ths of an inch 
in diameter, belonging to a known species, came up in such a condition as to 
leave no room for doubt that it > had been broken off the rock or stone to which 
it was adherent by the sounding-machine, and that the animal was living; 
whilst a smaller Serpida and a cluster of apparently living Folyzoa were adherent 
to its external surface. A minute living Spirorbia also occurred in this, sound- 
ing. Lastly, itora a depth of 445 fathoms, within a short distance of the south 
coast of Iceland, a couple of living Amphipod Crustaceans were obtained, and a 
filamentous Annelid about three-quarters of an inch in length. 

Bearing in mind, then, 1st, that the GlobigerincB have never been detected 

free-floating in any number in deep, or forming deposits in shallow water ; that 

a considerable proportion of those met with in the deep-sea deposits exhibit 

^ every appearance of vitality; that their maximum development is associated with 

u2 
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the presence of the Gulf Stream, but only through the operation of collateral 
conditions prevailing at great depths below the current itself; and that firesh* 
looking specimens were present in the digestive cavities of Ophiocomm brought 
up from a depth of 1260 fathoms ; 

2ndly. That the OphiocomcB arrived at the surfieu^ in a living and vigorous 
condition, adherent to that portion only of the sounding-line which had rested 
on the bottom ; that the number captured affords presumptive proof of the gre- 
garious habit of the order having remained unaffected by change of conditions ; 
that the detection of ova and OloMgerincB within their cavities indicated a per- 
fectly normal state of their reproductive and nutritive functions ; that no super- 
ficial or deep current capable of drifting them in a northerly or north-easterly 
direction from any coast-line nearer than Newfoundland exists in this part of the 
ocean, and, if it did, that it would not account for the most important phenomena ; 

3rdly. That in certain deposits Annelid-tubes were found, the nature of which 
proves them to have been constructed on the sea-bed, of material there accu- 
mulated ; 

4thly. That a living Serpula^ Spirorhia^ and group of Folyzoa were brought 
up, in a distant locality, from a depth of 680 fathoms; 

5thly. and lastly. Taking into consideration the arguments adduced to prove 
that the conditions which prevail on the deep-sea bed are not incompatible with 
the maintenance of animal life, and the extreme improbability that the creatures 
heretofore discovered at great depths are merely exceptional or accidental 
examples ; it vnll, I think, be conceded that the presence of a living £Eiuna in the 
deeper abysses of the ocean has been frilly established. 

Assuming, then, that the creatures referred to were captured in the midst of 
their normal haunts, the inquiry naturally suggests itseli^ Whence did they ori- 
ginate 1 and are we to regard the localities in which they were found as their 
genetic centres, or only as isolated colonies tenanted by species whose genetic 
oentrte are to be looked for elsewhere % These questions can only be answered 
by a frirther appeal to concomitant facts. 

^^ Every living race of plants and animals," writes Professor Phillips, '* exists 
in a province of space over which by natural conditions it has been diffused. 
Within which by natural conditions it has been restrained, and beyond which it 
only passes by a change in these conditions. Thus one place of origin is indi- 
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cated for each species of plant aad animal — one locality where it first appeared, 
whether it still remain there confined to a lunited region, or have wandered far 
away without losing its prominent characters through length of time, change of 
conditions, mixture with other races, or any of the innumerable incidents of the 
' struggle for existence ' " ♦. 

Bearing in mind the law thus comprehensively set forth, and connecting it 
with the extraordinary fact that the Ophiocomce^ the Serpula^ and the Spirorbis 
of the deep soundings one and all belong to well-known littoral speciesf , we are 
irresistibly led to the inference that their acclimatization must have kept pace, 
during a vast sequence of generations, with the changes going on in the portion 
of the sea-bed inhabited by them, and, hence, that, under sufficiently favourable 
circumstances, species may accommodate themselves to conditions differing so 
widely from those under which they were originally created, that their subjection 
to them under circumstances less favourable inevitably results in their extinction. 

I have endeavoured to establish that an extensive area of sea-bed to the 
southward of Iceland has undergone subsidence, partly on the evidence af- 
forded by the depths, and partly by that supplied from old charts and tradition. 
The subjoined striking passage from Forbes's admirable memoir ^' On the 
Existing Fauna and Flora of the British Isles " will serve to show that, on geolo- 
gical grounds alone, he arrived at a similar opinion : — '^ Great as the changes 
appear to be affecting the distribution of land and water during recent geological 
periods, as compared with the present, assumed by me in this essay, I cannot but 
express my conviction that future research wiU not only confirm these, but prove 
that still greater took place during the epochs under inquiry. The phenomena 
of the glacial formations, the peculiarities in the distribution of the animals of 
that epoch, and the relations of the existing fauna and flora of Greenland, Iceland, 
and Northern Europe are such as strongly to impress on my mind that the close of 
the Glacial epoch was marked by the gradual submergence of some great north- 
em land, along the coasts of which the littoral Mollusks, aided by favouring 
currents, migrated; whilst a conimon flora became diffused over its hills and plains. 
Although I have made icebergs and ice-floes the chief agents in the transportation 
of an Arctic flora southwards, I cannot but think that so complete a transportation 

* ' life on the Earth/ bj Professor Phillips. London, 1860 : p. 24. 

t The species are Ophiocoma granuUUaf Serpula ifUrsa, and i^rorbis naiUiloida, 
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of an Arctic flora as we find on the Scottish mountains was aided, perhaps mainly 
by land to the north now submerged. It is difficult otherwise, too, to account for 
the cessation of the Arctic littoral MoUusks in the Scottish glacial beds, and their 
replacement by other forms on the English and Irish beds of the same epoch. 
When dredging on the great fishing-banks bounding the Zetland Isles and form** 
ing long ridges now 50 and more fathoms below the sea, stretching from some 
unexplored point in the north, Uke long arms, down to the Scottish shores, and 
covered with angular fragments of the rocks of which they are formed, I was 
strongly struck with their resemblance to the rugged and broken surfaces of the 
neighbouring islands, and could not diyest myself of the notion that these banks 
were submerged mountain-chaina Before, however, this can be &irly assumed, 
we must have a re-examination of the vegetable and animal productions of 
Iceland, that great centre of volcanic power, the presence of which where it is, 
is possibly connected intimately with the phenomena we have been endeavouring 
to interpret " *. 

The outline thus shadowed forth of that ancient barrier which is supposed to 
have stretched across from East Greenland (probably, however, at some point &r 
to the northward) towards the shores of Northern Europe derives a singular 
d^ee of confirmation from the soundings. For, on reference to the map, it will 
be seen that a vast area of searbed to the southwaird of Iceland, extending to the 
30th degree of west longitude on the one hand, and to the Faroe Islands and 
Hebrides on the other, gradually diminishes in depth as it advances northwards, 
in all probability constituting the boundary of an archipelago rather than a con* 
tinuous continent, across which the various species of animals and plants made 
their way southwards. When that archipelago existed, the Hebrides and Faroe 
Islands were probably united, whilst Rockall formed a large but distinct island, 
and another still larger island rose up out of the 'sea between the 57th and 60th 
degrees of latitude, and about the 30th d^ree of west longitude. On the northern 
flank of this island the Star-fish sounding was taken. Lastly, the Faeroes and 
Iceland were then separated only by a narrow channel, situated about the 15th 

* / Memoirs of the Oeological Survey of Great Britain,' vol. i. p. 398. 

I cannot refrain from here paying myhnmble tribute of admiration and respect to a lamented friend 
and college-mate. The first time I ever saw a dredge pat down was in the Firth of Forth, in company 
with Edward Forbes, nine and twenty years ago. 



\. 
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degree of longitude, whilst the Westmann Islands and the Blinde Skier respect- 
ively formed portions of the southern and south-western coast*line of Iceland. 

Viewed by itself, the subsidence of this large tract, although of interest as yield- 
ing a glimpse of the fades of the ancient Atlantic, and even suggestive of the 
acclimatization of the creatures now distributed over its bed, could hardly have 
been regarded in a higher light than as offering a plausible explanation of a 
most unlooked-for phenomenon. But it assumes a fax more important bearing 
when coupled with the feict that these creatures belong to existing shallow-water 
species, and that they exhibit no appredable trace of variation, notwithstanding 
the change of conditions to which they have been subject for a vast series of 
generations. In short, no proof of subsidence could be more complete, no proof 
of the truth of the doctrine of single specific centres more convincing, than the 
detection under such circumstances of a colony of acclimatized Star-fishes, 
belonging to a species typical of the Boreal province, well known to range from 
the confines of the arctic circle to our own shores, and already shown to have 
accommodated themselves to a depth of 200 fiftthoms without variation ; whilst 
the fact of subsidence being general throughout the whole area is rendered 
probable by the discovery of sessile Annelids, also belonging to known shallow- 
water species, at a depth of 680 fathoms, halfway between Iceland and the 
Faroe Islands. 

The occurrence of a shallow-water Serpula at such a depth is important, more- 
over, from t^e evidence it yields of the subsidence having been extremely gradual, 
and not merely the result of local and temporary submarine volcanic action ; for, 
whilst creatures having powers of locomotion might have evietded the consequences 
of sudden subsidence by migration to shallow water, the sessile Annelids must 
inevitaUy have been destroyed. If these fiicts are correct, the detection of 
shallow-water species on isolated submerged areas of sea^-bed may yet enable 
tis to determine whether such areas have been nearer the surface at some anterior 
period, and may thus afford us a glance, otherwise unattainable, at the lost land- 
marks of a bygone geological epoch. 

It will perhaps be asked how it is that the OpMoconuB, if descendants of a 
littorid species, exhibit no definite divergence of character from individuals of 
the same species which have never been removed from normal conditions. To 
this it may be answered that certain orders of animals are known to be much 
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more prone to Tariation dependent on changes in the conditions by which they 
are surrounded than others, whether we regard the variation observable in the 
same individual or the same species at different periods of its history^. And, 
further, if the views offered by me are correct, it is evident that such changes of 
conditions must operate more frequently and powerfully at the surfieu^e than at 
great depths. Now, since Ophiocoma grantdata is found on the British and 
Scandinavian coasts at depths varying from 10 to 50 fathoms, whilst in Green- 
land, as already stated, it is met with at 200 fetthoms, it is reasonable to suppose 
that, if prone to variation, it would exhibit dear traces of it at the greater of 
these depths. Such is not the case, however ; and hence the persistence of type 
at the still more profound depth of 1260 fathoms becomes intelligible, although 
nevertheless surprising. 

It has already been stated that Orphiocama gramUata ranges at the present 
day from the confines of the arctic circle to our own shores. I £edled to detect 
it in the immediate neighbourhood of Rekiavik, but this v?as probably in conse- 
quence of the peculiar scoriaceous nature of the bottom along the south-western 
portion of the island. In the absence of data for determining whence the species 
became diffused across such a wide longitudinal range, it would be useless to 
speculate whether the isolated deep-sea area on which it has now been found 
formed its genetic centre; whether the transport or migration of individuals 
towards that area took place prior to its isolation and complete submergence ; or 
whether it was colonized after isolation. From what has been stated regarding 
the inability of the Ophiuridee in their mature state to rise to any distance or 
for any lengthened period from the bottom, it is apparent that transport of 
individuals could only be effected by a powerfrd current. During the larval 
condition, however, of certain species of Ophiuridse, they sometimes float at the 
sur£Bu» of the sea, and, hence, under favourable circumstances, might be drifted 
towards isolated areas fitted to receive them. In the Foraminiferous deposit of 
the Agulhas bank, I dredged up larval Ophiuridee, from a depth of 100 fathoms, 
measuring not more than a quarter of an inch across the arms, whilst specimens 
obtained from the immediate surface over the same deposit were of still more 
minute dimensions. These had, in all probability, drifted from the adjacent 

* Aocbrding to Edward Forbes, no important variation haa taken place in the Ophioridae aince the 
extinction of the species foond fossil. 
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coastrUne, and were destined to subside to the bottom as soon as their calcareous 
structure became sufficiently consolidated to counterbalance the buoyancy of the 

-^ soft parts ^. In the case of the Ophiocomce of the sounding, the presence of ova 

distinctly proves that the generative function was being carried on even at that 

^^ great depth ; and consequently the undetermined state of the question regarding 

- the genetic centre of the species is of very secondary importance ; for, whether 

- the submerged area was colonized by emigrants from adjoining coasts, prior to 
* its isolation, or by larval Ophiocomm which had subsided upon it after it had 
'"' become partially or completely submerged, the phenomenon of subsequent 
7 acclimatization (which is the one more particularly under consideration) remains 
t entirely unaffected. 

Another very singular fact in connexion with the Star-fish sounding demands 
): notice, namely, its proximity to the circle of uniform temperature f . It will be 

: recollected that the sounding was taken in lat 59^ 27' N., whereas the mean 

latitude of the homothermal circle, according to Sir James C. Ross's observations 
in the southern hemisphere, is 66° 25' %. The- position corresponding most 
closely, in the Southern Sea, with that of the Star-fish sounding is in lat. 58° 36' S., 
long. 104° 40' W. — a position at which it is stated to be " about a degree higher 
than in other parts of the ocean, and also rather farther to the southward." In 
this situation the temperature of the air is stated to have been 32° F., of the 
surface 41°, and at 100 fathoms 40°-8 ^ ; whereas, in the locality of the sounding, 

* In 1850, Mr. T. H. Stewart detected a larval Opkiocoma in abundance on a parasitic sponge brought 
up from a depth of 53 fathoms in the British Channel. The same larval form was also met with in 
pools left by the receding tide, — ^the fact of its being foimd both in shallow and deep water being 
regarded as proof that the mature animal spawns in both situations. (Annals and Magazine of Natural 
Historj, 2nd ser. vol. xviii. p. 387.) 

t It is worthy of note that on the Agulhas bank, to the southward of the Gape of Good Hope, where 
fish are abundant, the bottom consists of calcareous deposit, and that to the northward of Bockall 
(where an extensive fishery has recently been re«discovered) the bottom is essentially of a similar cha- 
racter, Echinoderm-d^ris being so plentiful in both localities as to render it probable that the Echi- 
noderms form the food of the fish. Should shallow water still exist in the vicinity of the reputed " Sunk 
land of Buss," it is possible that a more inexhaustible fish-bank than any yet known may be there 
met with. It is also remarkable that Loch Fjne, the Dogger Bank and Silver Pits, the Bockall Shoal, 
and the Labrador and Newfoundland fisheries are all either on, or near, the circle of uniform tempe- 
rature—a coincidence in position which can hardly be regarded as accidental. 

X See diagram at p. 99. 

§ The mean latitude of the homothermal cone as computed by Sir Ji^es C. Boss, in the southern 
hemisphere, is here given. (See * Voyage to the Southern Seas,' vol. ii. pp. 227 and 375.) 

X 
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the temperature of the air was 44°, of the surface 48°, and at 100 fathoms 4S^^, — 
clearly indicating the effect of the Gulf Stream both on the air and water. 

It would be futile to speculate on the probable influence which such a r^on 
of uniform temperature from surface to bottom may have had upon the bathy- 
metrical distribution of animals, since the nature of the conditions under which 
acclimatization commences presupposes a period so remote that the sea-bed 
must have been elevated almost to the surface : but it is not unreasonable to 
suppose that, as subsidence took place, the increasing uniformity in the tem- 
perature and density of the water may have &cilitated their acclimatization, and 
eventually fieivoured their distribution over the bed of the homothermal sea. 

It only remains for me to mention that I have met with no example of any 
of the Algse proper below 200 fathoms, and that the only recognizable v^etable 
structures which occur amongst the deep-sea deposits belong to the lowest order 
with which we are acquainted, namely, the Diatomaceae. As already mentioned, 
however, the appearance presented by the firustules of these, when obtained at 
depths beyond 500 fathoms, -indicates a molecular constitution of the proto- 
plasmic matter differing so materially from that observable in similar organisms 
taken in a living condition in shallow water as to render it certain that all vege- 
table life ceases at a limit far short of that to which animal life has now been 
shown to extend. 

Basing my arguments, then, on two facts which I venture to hope are unequi- 
vocally proved in the preceding pages, namely, that highly organized creatures 
have been captured in a living condition at depths vastly exceeding those to which 
animal life had previously been supposed to extend, and that their presence, 
where captured, cannot be regarded as an accidental or exceptional phenomenon, 
it has been my endeavour to establish the following important propositions : — 

I. The conditions prevailing at great depths, although differing materially 
from those which prevail near the surface of the ocean, are not incompatible 
with the maintenance of animal life. 

II. Assuming the doctrine of single specific centres to be correct, the occur- 
rence of the same species in shallow water and at great depths proves that it 
must have undergone the transition from one set of conditions to the other with 
impunity. 

III. There is nothing in the nature of the conditions prevailing at great depths. 
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to render it impossible that creatures originally, or through acclimatization, 
adapted to live under them should become capable of living in shallow water, 
provided the transition be sufficiently gradual; and hence it is possible that 
species now inhabiting shallow water may, at some anterior period, have been 
inhabitants of great depths. 

IV. On the one hand, the conditions prevailing near the surface of the ocean 
render it possible for organisms to subside after death to the greatest depths, 
provided every portion of their structure is freely pervious to fluid : on the other 
hand, the conditions prevailing at great depths render it impossible for organisms 
still constituted to live under them to rise to the surface, or for the remains of 
these organisms after death to make their appearance in shallow water. 

V. The discovery of even a single species living normally at great depths 
warrants the inference that the deep sea has its own special fauna, and that it has 
always had it in ages past ; and hence that many fossiliferous strata, heretofore 
regarded as having been deposited in comparatively shallow water, have been depo- 
sited at great depths. 
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PAET III 



CHAPTER I. 

GENERAL OBSERVATIONS ON THE DEEP-SEA RHIZOPODAL FAUNA. 

ijEFORE proceeding to describe the minute stmctures which constitute the 
principal organic element in the North Atlantic soundings and are distributed 
more or less abundantly throughout all the deep-sea deposits of the globe, it is 
necessary to adduce my reasons for having embodied in the present work a gene- 
ral classification of the lowest orders of the animal kingdom which might, with 
greater propriety perhaps, have formed the subject of a separate memoir. 

In preparing for publication the materials at my command I had the choice of 
two alternatives — ^that is, either to arrange them according to some artificial 
system solely v^th a view to the future identification of particular forms, or, 
turning aside from the easy but profitless task of species-manufacture, to apply 
myself to the more Intimate purpose of increasing our knowledge regarding the 
morphological and physiological characters of the class of creatures to which, 
with a few rare exceptions, the various organisms belong. 

The elaborate researches of Carpenter, Messrs. Parker and Jones, Williamson, 
Schultze, MM. ClaparMe and Lachmann, Carter, and others, had ahready placed 
in an entirely new light the nature and relations of the Qromda^ Forandmfera^ 
AcM7U)phryna^ and AnuMna ; whilst those of Johannes Mtiller ^ had put us in 
possession of much valuable information respecting the PoJycystina and some allied 
but still more imperfectly known families of Rhizopods. The Forandmfera^ with 
the single exception of the genus Olobigerinay were neither largely represented in 

* 'Uber die ThalassicoUen Folycystmen and Acanthometren dee Mittelmeeies/ yon Johannes 
Miiller. Berlin, 1848. 
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the soundings, nor did they exhibit any very novel or striking characteristics. 
The study of this family, moreover, was undergoing such a thorough revision by 
the distinguished physiologist whose name stands at the head of the above list, 
that any attempt on my part to have forestalled his labours would simply have 
been presumptuous^. The Polycystma^ on the other hand, were both more 
abundantly represented than the Forarniniferay and exhibited such an endless 
variety of form as fuUy to confirm the opinion at which I had long previously 
arrived — ^partly on an examination of living specimens probured in the surface- 
waters of the tropical seas, and partly from the study of the fossil Polycystine 
earths, — ^namely, that in no cIelss of organisms is the tendency to variation more 
unlimited, or the law of development less understood. To Professor MiiUer's 
views regarding the prop^ basis for a classification of the Polycystma^ Acantho- 
metrmaj and T^halassicoUidcBy it was impossible for me to subscribe, inasmuch as 
I dififered from him not only in the value to be placed on mere differences in 
form and the mode of repetition of the siliceous portions of these structures, but 
in the interpretation of those more important characters upon which the ordinal 
separation of the whole of the Rhizopodal families has, in great measure, been 
made to depend. 

Under these circumstances, and in the firm conviction that the mere description 
and delineation of a number of objects, with no higher aim than that of aug- 
menting the already perplexing lists of doubtful species, would serve no useful 
purpose, I resolved to attempt a revision of the classification of the Rhizopods, 
and to import into it as much of the information obtained, both from the sound- 
ings and from other sources, w might be necessary for the due completion of my 
object 

In a valuable paper by Professor Carpenter, ' On the Systematic Arrangement of 
theRhizopoda," which appeared in the Natural History Review for October 1 861f , 

* In the * Introduction to the Study of the Foraminif era ' (page 56), Dr. Carpenter dedaree that 
" The impracticability of applying the ordinary method of definition to the genera of Fbraminifera, 
becomes an absolute impossibility with regard to species/' 

f It is necessary to state that the following pages were written subsequently to the appearance of 
Dr. Carpenter's paper in the * Natural History Beview,' and that his admirable ' Introduction to the 
Study of the Foraminifera ' appeared whilst they were passing through the press. As Professor 
Carpenter's detailed work in nowise contravenes the views expressed in the preliminary paper referred 
to, I have only felt called upon to modify a few unimportant passages. 
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the characters of the three orders into which he proposes to distribute the 
various families are concisely stated as follows : — 

'^ I. Retigulabia. The body composed of homogeneous granular protoplasm, 
without any distinction into ectosarc and endosarc; neither nucleus nor con- 
tractile vesicle; pseudopodia composed of the same substance as the body, 
extending and multiplying themselves by minute ramification, and inosculating 
completely wherever they come into contact ; a continual circulation of granular 
particles throughout the viscid substance of the body and its extensions. This 
Order consists of the Foraminifera and the Oromida. 

'' II. Radiolabia. Incipient differentiation of the protoplasmic substance into 
ectosarc and endosarc, the former semifluid and granular, the latter more 
tenacious and pellucid ; a nucleus and contractile vesicle ; pseudopodia rod-like, 
usually tapering from base to point, composed of the same substance as the 
ectosarc, exhibiting little disposition either to ramify or to coalesce, having 
a more or less regular radiating arrangement, and not showing any constant 
circulation of granules in their substance, although a movement of particles 
adherent to their exterior is often to be distinguished. The type of this 
Order is Actinophrys, constituting, with its immediate allies, the family 
AcHnophtyna ; but the Order also includes the Acanthometrinaj Polycystmi, and 
ThaUzmcollinOj by the last of which this group is connected with the Sponges. 

^^ III. LoBOSA. More complete differentiation of the protoplasmic substance into 
endosarc and ectosarc, the former being a slightly viscous granular liquid, and 
the latter approaching the tenacity of a membrane ; a nucleus and contractile 
vesicle ; pseudopodia few and large, being in reality lobose extensions of the 
body which neither ramify nor coalesce, having well-defined margins, and not 
exhibiting any movement of granules on their sur&ce, the circulation in their 
interior being entirely dependent on the changes of form which the body under- 
goes as a whole. This Order is composed of but a single family, the AmoBfrna^ 
and it is the one which presents the nearest approximation to the Classes Infusoria 
and Oregarinida.'' 

It wiU be seen that whilst these definitions are almost wholly based on the 
degree of "differentiation" exhibited by the general mass of the sarcodic 
substance, the names of the Orders point exclusively to the characters of the 
pseudopodia. For, whether we regard the degree of consolidation of the 
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superficial protoplasmic layer of the organism — the capability or otherwise of the 
pseudopodial processes to maintain a separate individuality so long as they 
remain projected beyond the main mass of the body — the apparent character of 
the minute granular circulation, either as occurring within the general cavity of 
the organism or extending into the pseudopodiar— or the presence or absence of 
a nucleus and contractile vesicle, — ^we perceive that the whole of these characters 
have a mutual dependence one on the other, and are exponents of the gradual 
advance from that simplest phase of animal being in which the structure is 
distinguishable from an inanimate jelly only by the cyclosis of granules and the 
projection of pseudopodia, to the highest phase of Bhizopodal development, in 
which the characters merge into those of the Spongidas on the one hand and 
the ciliated Infusoria on the other. 

Being fully convinced that the principle of classification so admirablypropounded 
by Dr. Carpenter is the only one on which a natural distribution of the Bhizo- 
podal Orders can be established, it is with great diffidence that I now venture to 
ofier such a modification of his arrangement as I conceive to be demanded, not 
by a conflict of opinion regarding the value of certain characters, but the 
presence or absence of those characters in some of the families said to exhibit 
them. At the same time it is a satisfetction to feel that my views diverge from 
his, for the most part, only in those cases in which his judgment has been based on 
the descriptions of other observers, and not on personal examination of the living 
structures. 

The principal source of confusion has arisen, I conceive, from Professor 
MiiUer's statements with reference to the nature and characters of the pseudo- 
podial processes in the Polycystma and Acanthometrina — ^statements which clearly 
tend to indicate a similarity, if not an identity, in the pseudopodia of these two 
fEunilies, although I cannot admit that they warrant the conclusion that any 
dissimilarity existed, in Professor Midler's opinion, between those of the Foly- 
cystina and ForaTnirdfera. In drawing attention to the additions to our previous 
knowledge of the Bhizopods, supplied in Professor MtOler's treatise ^ Uber die 
ThalassicoUen, Polycystinen und Acanthometren des Mittelmeeres,' Dr. Carpenter 
speaks of the author as having failed to appreciate the essential relationship 
between the Acanthometrina and Actinophtyna^ ^' an Acanthometra being nothing 
else than an Actinqphrys frimished with a siliceous skeleton." As described by 
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MiLller, it would certainly seem to be nothing else ; but I hope to be able to 
prove as I proceed, not only that the Acanthometrina do not possess radiate 
pseudopodia analogous to those of ActinqphrySj but that Acanthometra is as far 
removed beyond Actinophrys^ in the degree of development attained by the 
ectosarc*, as Actinophrys is beyond Pamphagua or lAsberkuhma^ whilst the 
Polycystmi^ which are ranged with the Acaidhcmietrifui in Professor MuUer's 
system, do not exhibit any advance in the degree of differentiation of the proto- 
plasmic substance beyond that observable amongst the Forandmfera. Hence it 
would appear that the separation of Actiruyphrys and Amoeba^ in Dr. Carpenter's 
system, is due rather to an assumed but unreal affinity between ActinophrySy 
Actmthometra^ and the Polycystina than to any valid distinction between the 
characters of the two first-named genera ; for it must be admitted that the dis- 
inclination of the pseudopodia to coalesce, and the presence of a nucleus and 
contractile vesicle (the last of which organs is never to be met with in the Poly' 
cystina^ the Acanthometrina, or the ThalassicoUidcB) are characters of far higher 
significance than the apparent absence of granular circulation in Actinophrys, 
which is seen in AmoBba, and the mere difference in size, shape, and persistence 
of each pseudopodial extension. I say, a/pparemt absence of granular circulation, 
because it is difficult to conceive that in two organisms varying but little, if at 
all, in the average consolidation of their ectosarc, and both possessing a nucleus 
and contractile vesicle (the last of which organs Dr. Carpenter f considers as 
" superseding the necessity of the general protoplasmic circulation "), such a 
difference should exist— or, if it exists, that it should be deemed of distinctive 
value. 

Had the close analogy between Actincphrys and Acanthometra really subsisted, 
it is hardly possible that Professor Miiller could have failed to detect it notwith- 
standing the fact that his reliance on the characters furnished by the hard parts 
would naturally have led him to regard these two families as distinct. But he 
leaves no room for doubt as to his views concerning the pseudopodia of the 
Rhizopods under notice ; for he distinctly states that, having had an opportunity 

« 

* The very appropriate terms eetosarc and endaaare were originally applied by Dr. T. Strethill 
Wright to the external condensed layer and the internal viscid mass of the sarcode of the Bhizopods. 

t " On the Systematic Arrangement of the Bhkopoda," by William Carpenter, KD., F.R.S., 
' Natural History Review,' No. 4, Oct. 1861, p. 462. 
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NOTICE. 



EtT II., ccmipleting the work, will contain the remaining portion of i 
letterpress and Plates (VII. to XX.), and will be published in December. 






